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BBREI I A! 0S 
A 	 adenine 
C 	 cytosine 
DNA 	deoxyribonuclsic acid 
HNB-DNA 	homogeneous asinband deoxyribonucleic acid 
zDNA 	deoxyribonucleic acid containing the cietrons for 
ribosoaal ribonucleic acid 
sat.DNA 	satellite deoxyribonucleic acid 
Mass 	d.oxyribonucl.a.. 
LOTA 	•thyl.n.diaain.t.trsac.tiC acid 
C 	 guanine 
00260 	optical density at 260nui. 
PAS 	4-amiriosalicylic acid 
P80 	2-ph.nyl-5-biphenyl-oxadiaZole 
jO 	buoyant-density 
RNA 	ribonucisic acid 
rRNA 	ribosomel ribonuclsic acid 
RN..e 	ribonuolease 
r.p.m* 	revolutions per minute 
SOS 	sodium dodecyl sulphate 
SSC 	standard .aline citrate 
T 	thymine 
TIM 	
temperature corresponding to a 50% increase in hypsrchroaicity 
TCA trichioroacetic acid 
INS 	sodium tri-iso-propyl naphthalene suiphonata 
Iris 	tri.( hydroxyaethyl ) asinomethanu 
IN 	ultra-violet 
vol. 	volume 
The aim of this th.sis were fourfolds 
no to study the distribution of satellite DNA. (sat.DNA.) within a 
wide variety of plant species and to see whether there was any 
meaningful taxonosic correlation  
b, to determine whether sst.DNAs were quantitatively and 
qualitatively constant within different tissues and 
during develop .ent of a sp.ci.sp 
c* to d.t.rine the properties of such DNA in terms of buoyant. 
density, renaturation rate and homogeneity 
do to consider possible functions of the sat.DNA in relation 
to rRNA cietrons and B'chroaosoa... 
Before examining the distribution and properties of s.t.DNA, 
It was necessary to clearly define .at.DNA' since other workers had 
used the term variously. In the context of this thesis, sat.DNA' 
was normally defined as a minor component resolved in a neutral Cccl 
gradient. 
Sat.D$A was shown to be distributed throughout a wide range 
of dicotyledon orders ranging from the primitive 	 to the 
advanced Astordes 	Although one species in a genn might contain 
a aat.DNA, it did not necessarily follow that every species in that 
genus would have a satellite. It was observed that only species with 
, 2-3pg. DNA per 2C nucleus contained a sat.DNA. Sat.DNAe were not 
found in any species of monocotyledon examined. However, these all 
contained >2.3pg. DWm/2C nucleus. ftet sat.DNA was found in plants 
which had been highly bred or cultivated e.go melon, orange. Not 
sv.ry highly bred plant, however, contained sat.DNA e.g. pea. 
Certainly, no uncultivated plant contained >10%  of sat.DNA. 
Concerning the origin of sat.DNA, it was suggested that the 
Solmnaaml at least must have individually developed .at.DNPs, and if 
this procedure was possible in one f-ly, then presumably it was 
possible in others. 
Normal ..t.DNAe were shown to be plant nuclear in origin, 
unlike str.s.satsllits DNA* (eat.DJSA& appearing during conditions of 
physiological stress) which were show to be bacterial in origin. 
Like animal est.DNA, plant satellites r.natured rapidly following 
denaturation and consisted of probably many (certainly at least 566) 
tandm copies of a relatively short sequence 2x10 6 daltons in length. 
The 'ancestral' sequence length was probably about the sane as the 
present length. Plant sat.DNA appears to be sore homogeneous than 
mainband DNA, particularly when of high molecular weight. 
It was found that during development of melon and cuounb.r 
plants, the different tissues varied In both the percentage and 
buoyant-density of e.t.DNA, mexistematic tissues containing the highest 
percentage (e.go seed and root tip) where., differentiated tissue. 
(e.g. fruit, mature leaves and cotyledons) contained least. As fruit, 
cotyledons and leaves aged, the percentage sat.DNA decreased, and in 
fruit, the buoyant-density increased. It was shown that in developing 
leaves, at least, the sat.DNA had a high rate of turnover. It was 
postulated that the increase in eat.DNA density during fruit saturation 
was caused by either differential synthesis of various fractions within 
the ..t.DNA or by the degree of aethylation a? cytosine bases within 
new sat.DNA being 1... than in the old sat.DNA. The different amounts 
of eat.DNA in fruit and seed were correlated with different amounts of 
hsterochrumatin in thee. tissues. Furthermore, the higher percentage 
of s.t.DIA in aexisteastic ttesuee suggested that the function of 
3 
..t.DNA might be s...cl.t.d with aitosia. 
It was found that thore was no enrichment of .at.DNA in 
the N.tl-insoluble fraction of chromatin from plant material. 
Thore was no correlation between rOlIA and .at.DMA nor, 
in the spools. .xutn.d, between B-chromosomes and sat.DIIA. 
L 
SECTION It INTRODUCTION 
Equilibrium centrifugation in neutral CeC1 solution of DNA 
from two species of crab revealed that each contained two classes of 
DNA (Susoka, 1961). 	Similarly it was observed that all tissues 
examined in souse (Mus musculue) and guinea-pig (Cavia porcellus) 
contained two classes of DNA (Kit, 1961). 	Subsequently, the class 
of DNA present in the larger amount became known as the mainbend DNA 
and the minor component as the satellite DNA (sat.DNA). 	Since 1961 9 
several laboratories have made extensive studies on the mouse 
satellite DNA, the properties of which can serve as a reference with 
which to compare other less-well documented sat.DNAs. 
The buoyant-densities of mouse DNA. were 1.700 g0cm 3 (mainband) 
and 1.690 90cm 3 (satellite band). 	These buoyant-densities indicated 
DNA. containing 41% and 31% guanine+cytoeine (Cc content) respectively 
based on the linear relationship observed between buoyant-density and 
CC content (Schildkraut, Marmur and Doty; 1962). 	However, the 
compositions of thee. two ONAs were 40% and 41% CC when estimated from 
their thermal denaturation properties (Narisur and Doty, 1959). Direct 
chemical analysis showed respectively 40% and 35% CC (Corneo, Ginelli, 
Soave and Bernardi; 1968). Such results indicated peculiarities in 
the properties of the sat.DNA, since the relationships between buoyant-
density and CC content and between thermal denaturation and CC content, 
which held for esinband DNA, were not applicable to the satellite 
component. 
The sat.DNA comprised approximately 10% of the total cellular 
DNA (Kit; 1961 9 1962). 	rurthar.ore, all mouse tissues and cultured 
mouse cells examined were shown to contain the sat.DNA in approximately 
the same proportions (Kit; 1961 9 1962). The proportion of satellite 
in DNA extracted from whale tissue was indistinguishable from that 
found in DNA prepared from purified nuclei (Cameo, Bianchi, Ginelli 
and Pout; 1966; Bond, Flema, Burr and Bond; 1967). 
Both satellite and mainband DNAa were double-stranded 
(Kit, 1962). Ultracantrifugation of aat.DNA in alkaline CeC1, under 
which conditions the two strands of the DNA separate, revealed two 
components (Flea., McCallum and Walker; 1967) indicating that the two 
strands were of different buoyant-densities. After separation of 
the strands in an alkaline CeC1 gradient, each component was purified 
and analysed on a neutral C.C1. gradient. The densities were 1.698 
and 1.727 g.cm.-3  for the "light" and "heavy" strands respectively 
(Coxneo, Ginel.li, Soave and Bernardi; 1968; Flea., McCallum and 
Walker; 1967). Chemical analysis of the purified strands showed that 
the purinespyrimidine ratio of the 'light' strand was 2.01 and of the 
'heavy' strand 0.49 (Cornea at al., 1968). 	There was, thus, a 
tremendous difference between the two complementary strands of the 
satellite. Alkaline CaC1 centrifugation of mainbend DNA yielded only 
a single peak. 	During alkaline denaturation of sat.DNA, titration of' 
the N-H protons of the thymine and guanine residues occurs causing the 
two strands of the DNA to run at different densities on an alkaline 
CsCl gradient - the denser strand being G+T - rich and the lees-dense 
strand A+C - rich (Vinograd, Morris, Davidson and Dove; 1963). 
Neutral CsC1 gradient analysis of heat denatured DNA showed 
that the buoyant-densities of both aeinband and satellite increased 
by 14 mg.om 3 When the denatured DNA was subjected to renaturing 
conditions, the sat.DNA renatured to within 3 ag.ca' 3 of its initial 
density whereas the mainband DNA did not renature appreciably within 
the same length of time (Waring and Britten, 1966). However, if 
denatured DNA was sheared at 800 atm., the a.t.DNA renatured completely 
and the meinband r.natured to within 4 .g.ce 3 of its initial density 
under identical condition.. When the ren.tured DNAs were melted, the 
aat.DNA showed a normal profile with full increase in hyperchroaicity 
whereas the asinband DNA showed only a small increase in hyperchromicity 
and no distinct T a 9 the temperature corresponding to a 50% increase in 
hyperchiomicity. The rats of renetuxation of eat.DNA closely followed 
that expected of a 2nd order reaction - twice the DNA concentration 
resulted in twice the rate of renaturation. 
The renaturetion rate of aous sat-DNA was greater than that 
of any other type of DNA known at the time under similar conditions. 
It zenatured 15x faster than SV40 DNA and was therefore composed of 
many copies of e short nucleotide sequence. Allowing that 5V40 DNA 
contained 6 9000 base-pairs, the length of the repeated sequence in 
mouse eat.DNA was 400 base-pairs or 264,000 dalton.. 
The mouse cell contained 5x10 12 g. DNA i.e. 0.5x10 2g. sat.DNA. 
This was equivalent to 3x10 deltons, indicating approximately 
10 6 copies of such e DNA sequence. The sharpness of the satellite 
band of native DNA in neutral CaCl equilibrium centrifugation indicated 
that the molecular weight of the segment of DNA in which it occurred 
was at least several million daltone. 	(This was based on experiments 
in which DNA of varying molecular weights was centrifuged and the 
sharpness of the bands and the percentage of satellite were examined.) 
This suggested that the repeated sequences were clustered together. 
An estimate of the molecular weight of the clustered sat.DNA sequences 
indicated a minimum of 100 tandem copies of e sequence 300-400 base-
pairs long. If these blocks were spread evenly throughout the genome, 
there would be an average about 300 of such block, per chromosome. 
If, on the other hand, the sequences were gathered in blocks up to the 
length of a chromosome, there would, in the mouse, need to be at least 
4 chromosome entirely composed of eat.DNA (Walker, Flees and cLaren; 
1959). 
Subsequently, more-detailed studies on the melting of 
renatured eat.OtJA showed that the T was 50  lower than for the native 
satellite (Flame at al., 1967). This decrease in thermal stability 
might be interpreted in terms of the occurrence of mismatching during 
renaturation; moreover, the complexity of the DNA was reduced from 
300 to 120 base-pairs when allowance was made for mismatching (Sutton 
and FicCallum, 1971). Consequently, it was not true to say that there 
were ca.106 copies of a sequence, but that there were ca.106 similar 
sequences. 
The very large difference in bass-composition between the 
two complementary strands of mouse sat.DNA greatly facilitated the 
determination of the sequence using pyrimidine tract analysis (Southern, 
1970). 	It was proposed that the basic unit could be 8-13 base-pairs 
in length, as compared with the 300-400 base-pairs proposed by Waring 
and Britten (1966) or the 120 base-pairs after correction for 
mismatching (Sutton and McCalluis, 1971). 
The intra-cellular location of mouse sat.ONA was shown to 
be within the nucleus (Corneo, Bianchi, Ginelli and Polli, 1966; 
Bond, Flame, Burr and Bond, 1967)o Maio and Schildkraut (1969) showed 
that sat.DNA was present in the sees proportion in isolated chromosomes 
of all sizes, but that it was restricted to the haterochromatic 
fractions. Schildkraut and Maio (1968) showed that there was an 
increase in the percentage of aat.DNA from preparations of isolated 
nucleoli. Subsequently, Jones (1970) and Pardue and Gall. (1970) 
showed, by in situ hybridization, that the eat.DNA was preferentially 
localized in the h.terochromatic regions round the centromeres of 
metaphase chromosomes. This hybridization was specific since mouse 
sat.DNA hybridized in situ to rabbit cells gay, no specific binding. 
Other workers have also produced evidence associating aat.0NA with 
hetarochroaatin (Yaaaineh and Yunis, 1970; Plettocia and Comings, 1971; 
Madreiter and Osieka, 1971). 
Satellite DNAs have been shown to be present in many animals 
other than mouse. The term"satellite DNA" has been extended to 
include fractions of DNA which are not necessarily detectable on 
neutral CsC1 gradients. 	If heavy metal ions, such as Ag 9 or Hg, 
were included in a Cs 2SO4 gradient, components not apparent in a 
CeCX gradient were often resolved (Jensen and Davidson, 1966). Three 
such satellite components have been fractionated in guinea-pig DNA 
(Cameo, Ginelli, Soave and Bernardi; 1968) and three from human 
tissues (Cameo, Ginelli and Polli, 1967; Corneo, Cinelli and Polli, 
1971a), their properties being very similar to those of the mouse 
satellite. 
In addition, repetitious DNA which was not resolved by CeC1 
gradient centrifugation was also frequently referred to as satellite 
DNA. Britten and Kohne (1969) demonstrated that rapidly renaturing, 
repetitious DNA occurred in many species of plants and animals which 
showed no sat.DNA on a gradient. They showed that a general sucaryotic 
tissue contained the following DPJAsz 10% of a fast-renaturing, highly 
repetitious DNA ( iO copies); a very slow-reneturing, Nunique_copy 
DNA (1-10 copies); an Rintermadiate fraction which rsnatured at a 
rate between the previous two fractions and which might have 10-1000 
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copies of a genoa. sequence. 
There was also a fourth category of DNA which was soetim.a 
celled "satellite DNA, i.e. the DNA 
CeC1 gradient was loaded with Xenoptte 
-3 of density 1.723 g.cme was observed, 
density 1.700 Q4Ca. 3 This Nsat.DNAN 
oplementary to rRNA. If a 
N 
leevia oocyte DNA, a satellite DNA 
compared with mainband DNA of 
which contained the cietrons for 
rRNA was quite different from the other classes of sat. DNA, which do 
not contain the ribosomal cietrone. In the context of this thesis, 
s.t.DPJA will normally refer to a minor component resolved in a neutral 
CeCl gradient. 
The three Ag eat.DNAs isolated from human DNA were similar 
to mouse satellite in that they were rapidly renaturing. An additional 
Hg satellite, termed the homogeneous 'uainband DNA (HPIB-DNA), was 
isolated, which resembled the "intermediate" DNA of Britten and Kohne, 
1969 (Combo, Ginelli and Polli; 1971a). 	Like the mouse satellite, 
human Ag+  sat. DNA II was found to be restricted to the cantromeric and 
other constitutive hetsrochromatic in chromosomes 1 9 9 9 and 16 (3ones 
and Corneo, 1971). 	Human Ag aat.DNA III has been examined by 3onee 
and Prosser (1973) who showed that it hybridized to the pericentromeric 
heterochroaatin mainly on chromosome 9. Prosier (1974) demonstrated 
that human Ag sat.DNA I hybridized to a large block of hsterochroaatin 
on the distal arm of the Y-chromosome and the haterochromatin of a 
C-group chromosome, probably chromosome 9. 	In contrast, 14M8-DNA did 
not hybridize to any specific sites on any of the chromosomes but had 
a heterodieperse distribution (Cornea, Ginelli and Polli, 1970b; 1971b). 
Similar in situ hybridizations with Drosophill species, 
where giant salivary gland chromosomes allowed more detailed study, 
showed that, in general, the sat.ONA sequences were restricted to the 
c(- heterochromatin and were not present in the hsterochrometin of 
the Y-chromosome. 
In other maals, the correlation between eat.DNA and 
h.tsrochrosetin has been shown in Cervulue isuntjec (Comings, 1971), 
in Fticrotus sQreatis (Arrighi, lieu, Saunders and Saunders; 1970) and 
in Drosophila (Kraai, Botchan and Hearst; 1972). The general procedure 
was to show by in situ hybridization that the sites in the chromosomes 
containing eat.DNA were also heterochroaatic as revealed by staining 
with either Quinecrine fluorescence or Giemea. A variant of this 
relationship was the demonstration by Gibson and Hewitt (1970) that 
in the grasshopper Myrmalootettix maculatus those members of the species 
which contained a haterochromatic B-chromosome had a est.DNA, whereas 
those without the B-chromosome had no sat.DNA. 
To explain the origin of sat.DNA - the appearance of millions 
of copies of a short sequence, representing a considerable fraction of 
the gsnome - Britten and Kohne (1967) proposed 'saltatory replication", 
multiplication of a sequence within a few cell divisions, possibly 
within one individual of the species. Nutegenic events during 
saltatory replication of this simple sequence have been proposed by 
Southern (1970) to account for the apparently longer sequence initially 
proposed by Walker. The sequences were then imagined to have spread 
throughout the whole species by breeding. Alternatively, the sequences 
might have accumulated slowly over a period of time comparable with the 
age of the species* 
There was, therefore, some confusion as to the "ancestral 
sequence" complexity of mouse aat.DNA. Simple reneturation analysis 
suggested a complexity of 300-400 base-pairs. This might be reduced 
to 120 base-pairs by correcting for mismatching. Sequence determination 
suggested the value could be as few as 8 base-pairs. 
Studies on the possible origins of sat.DNAe led to phylogenetic 
taxonomies of their own. Southern (1970) proposed that the guinea-pig 
Ag+ ac-satellite sight have originated as a sequence of only 6 base-pairs 
in length. This contrasted with larger estimates for the sequence 
length indicated from renaturation studies i.eo several hundred base-
pairs (Cornea at als o 1970.). This discrepancy in apparent size could 
have arisen as a result of mutations introduced during the multiplication 
of this short sequence. From calculations involving possible mutation 
rates, Southern (1970) proposed that the guinea-pig could have diverged 
from the other rodents as long ago as 50x10 6 years. This date is in 
agreement with Simpson (1959) whose estimate was based on sore-conventional, 
zoological data. Furthermore, within the rodents, Walker, Flamm and 
PicLaren (1969) investigated the relationship between the highly repetitive 
DNAe in several species of rodent and concluded that guinea-pig (Cavia 
porcellus), European wood mouse (Apodemus sylvaticus), brown rat (attue 
norveicua), and 2 species of N. American deer mouse (Peromyscue 
manipulatup and P. polionotue) contained less than i in 10  sequences 
like mouse (Pius musculue) eat.DNA, supporting the idea that divergence 
of satellite accompanied divergence of species. 
Satellite DNA has also provided further phylogenetic and 
taxonomic information on the primates. Prosser, hoar, Bobrow and Jones 
(1973) showed that human Ag s.t.DNA III and chimpanzee .at.DNA A were 
virtually identical and hybridized to the same chromosome regions in 
human, chimpanzee, and orang-outang cells showing that the three primates 
contained very similar DNA sequences. Consequently, one could commence 
to date the origin of these aat.DtdAe and/or the date of divergence of 
the species. 
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Suggestions for the function of aat.DNAe were based upon 
the correlation between sat. DNA and constitutive heterochromatin. 
The regions which hybridized with human Ag sat.DNA II, i.e* the 
secondary constrictions on chromosomes 1 9 9 9 and 16 (3onse, 1970) 9 
were hetsrochromatic on the basis of Ciemea and Quinacrine fluorescence 
staining (Craig-Holmes and Shaw, 1971; Canner and Evans, 1971; 
Bobrow, Madan and Pearson, 1972; Saunders, Hau g Getz, Sim.. and 
Arrighi, 1972). 	Moore and Abuslo (1971) further investigated these 
areas microscopically and found that they contained the largest 
number of DNA-containing inter-arm fibres - DNA strands linking the 
area of the chromatids. They suggested that the inter-arm fibres 
might contain aat.DNA. Since the low level of complexity of eat.DNA 
indicated that it did not code for proteins, it appeared likely that 
it played a structural or organizational role - it could prepare the 
DNA for distribution to the daughter cefle. The failure of fibres 
to separate might cause the 2 chromatids to go to the same daughter 
cell giving rise to one cell exhibiting trisoay. Walker (1971) 
suggested that eat.ONA eight be important in the pairing of chromosomes 
during meiosia and that the satellite could be used in attachment of 
chromosomes to the spindle. 
In plants, Suyasa and Banner (1966) demonstrated that turnip 
(Bxaesice rape) nuclei contained 2 ONAsi a mainband ofp = 1.692 g.cm 3 
and a sat.DNA of 	1.700 g.cm 3 p  
Wells and Ingle (1970) examined a range of plants with 
meinband DNA varying from p - 1.691 - 1.702 63  and found that the 
chloropl.et DNA was constant at o- 19697 ± 0.001 g.cm 	and the 
mitochondrial DNA at,o - 1.706 ± 09001 g.cm 3 The sat.ONA in turnip 
(Suy.ma and Banner, 1966) was, therefore, a true nuclear satellite. 
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Furthermore, it has been shown that in preparations of DNA from 
total-cellular material, chioroplast DNA was not resolved on the 
gradient. 	However, it could affect the percentage of ut.DNA, since 
the observed percentage of sat.DNA would be the satellite expressed 
as a fraction of the nuclear + chioroplast DNA.. Mitochondrial DNA, 
however, was resolved from the mainband but it was not observed since 
it was lees than 0.1% of the total DNA. 	However, organalle ONAs 
could become the major components of DNA prepared from cell 
fractionations. 
Satellite DNAs of plants were first investigated by Matsuda 
and Siegel (1967) who showed that purified nuclei from Chinese cabbage 
(Basaica pekinensis), French bean (Ptaseo1ue vul.garis), and pumpkin 
(Cucurbita pipe) contained eat.ONAs. 	Furthermore, they found that 
the sat.DNAs, unlike the mainband DNAB, renatured rapidly following 
denaturation* They also observed that these 3 plants containing 
eat.DNAe had a higher percentage hybridization with rRNA than had wheat 
or tobacco, which contained no sat.DNA. This suggested that sat.DNAs 
were related to rRNA cietrone. The set. DNA of pumpkin was fractionated 
from the mainband by preparative CsCl gradient centrifugation and was 
shown to contain 3.6% DNA complementary to rRNA, compared with 0922% 
in the mainband. It has, however, been demonstrated that In 
fractionation of DNA from species which contained no aet.DNA, the 
rRNA ciatrons occupied a position on the gradient of approximately 
1.706 g.cm 3 - a density similar to that of the eat.DNA of pumpkin 
(Scott and Ingle, 1973). 	Consequently, the relationship between 
eat.DNA and rDNA in plants was not clear. 
Beridze (1972) examined 6 different species of the genus 
Phaaeolus and found that 3 had about 30% eat.DNA and 3 had lees. 
Ut- 
The former 3 species originated in Pxico and Central America, whereas 
the latter originated in S.E. Asia. Such a distribution suggested 
that the percentage of sat.DNA might be related to evolution. 
A further type of sat.DNA appearing in response to certain 
physiological stress conditions has been described. When certain 
plants were either germinated in the dark on distilled water, wounded, 
bruised or decapitated, or seeds were incubated at 0 - 4 0C for 15 days, 
a sst.DNA appeared that had a high buoyant-density, 1.722 
(Quti.r and Cuill, 1968; Qutier, Cuill and Vedel, 1968; Guill, 
Qutier and Cau, 1967; Guill, Quti.r and Hugu.t, 1968). 
Hybridization with rRNA showed that the stress-eat.DfdA hybridized 
100 times as much as the m.inbnd DNA. Furthermore, from the mall 
increase in density on denaturation, it was postulated that this DNA 
might be DNA in the course of transcription. From the similarity of 
density of stress-sat.DNA and the density of the rANA cistrone in 
Xencousp it was concluded that this stress-sat.DNA represented a 
massive amplification of the rDNA, analogous to the situation in 
U 
X. laevis oocytes where several thousand copies of the rONA were produced. 
It was also proposed (Guill at al., 1968) that there might be some 
relationship between this stress-satellite and the so-called 
"conditioning" of plants during crown-gall infection. Some homology 
between the stress-sat.DNA, tumour-cell DNA, and DNA from the bacterium 
Aprobacterium tumefeciens was demonstrated (Qutier, Huguet and Guill; 
1969)9 A correlation between the appearance of the stress-satellite 
and the onset of tumourization was observed by Guill and "tier (1970) 
and an analysis of DNA from crown-gall infected tissues by Ag - Cs 2SO4 
density-gradient revealed a eat.ONA not present in healthy tissues and 
/ 
which appeared to be very similar to the stress-sat.ONA (Cuille and 
Crievard, 1971). 
A similar dens. .at.DNA has been described in Chiorefla 
pyranoidose (Genoa-Vimon, 1971; Rode and Bayen, 1970) and in 
Porphyridium so. (Genes-Vimon, 1971). 	It was shown that the d.ne.- 
sat.DNA of C.pyrenoidosa had several variable factors. 	In one 
experiment it was not detected under conditions which normally 
favoured its appearance and its density was found to vary from 1.7235 
to 1.727 g.cm under identical conditions. 	It was proposed that the 
time of sampling of the culture could be responsible for this variation 
(Bayen and Rode, 1970). 	Since this satellite appeared during the 
first nuclear division, it was suggested that it might have had a 
function in cell division. 
Our knowledge of aat.DNA in plant cells was ieee than our 
knowledge of aat.DNA from animal tissues. Moreover, several kinds 
of observation related plant sat.ONA with rRNA cietrons, a relationship 
which certainly did not hold for the more-extensively studied animal 
eat.DNAe. The appearance of stress-satellites suggested a more 
physiological role, again not indicated from animal studies. 
The aims of this thesis were as follows,- 
to study the distribution of aat.DNAs within a wide variety of 
plant species and to see whether there was any meaningful 
taxonomic correlation; 
to determine whether sat.ONAs were quantitatively and qualitatively 
constant within different tissues and during development of a species; 
to determine the properties of such DNAe in terms of buoyant-density, 
renaturation rate and homogeneity; 
to consider possible functions of the sat.DNA in relation to rRNA 
cistrons and B-chromosomes. 
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SECTION 2: MATERIALS AND METHODS 
Materiel 
Material was grown in the Departmental garden or greenhouse 
or obtained commercially. 
Methods 
11 	Preparation of total DNA. 
Small quantities (0-10g) of tissue were homogenized directly 
with a pestle and mortar in a detergent medium (4.1/g tissue) 
containing 1% INS, 6% PAS, 50mM sodium chloride, 10mM Tris-HC1 pH7.4 9  
6% n-butanol, and 10mM EDTA pH7.4. 
Larger amounts of tissue (lO-lOOg), particularly fruit 
which was difficult to grind in the pestle and mortar, were homogenized 
in the cold in the 'Virlis' or 'Polytron' in 50mM NaCl, lOaN Tris-HC1 
pH7.4 9 6% n-butanol, and lOaM EDTA pH7.4. 	Detergents were immediately 
added to give final concentrations of 1% INS and 6% PAS. 
The NaC1 concentration was then increased to D.5M, and an 
equal volume of 96% chloroform/4% amyl alcohol added. Vigorous 
shaking was followed by centrifugation for 5-10 mme at 1500xg and 
0°C. 
The aqueous layer containing the nucleic acids was removed 
and further deproteinized with an equal volume of phenol mixture 
(phenol containing 10% m-cresol, 0.1% 8-hydroxyquinoline, and saturated 
with 10mM Trie-HCI. p117.4). 	After centrifugation, the aqueous layer 
was removed and the nucleic acids precipitated by the addition of 
2 volumes of absolute ethanol and storage at 0-40C for 16-20 hr. The 
precipitate, containing the RNA and DNA, was collected by centrifugation 
and dissolved in a small volume of 0.5% sOS (B.D.H. "specially pure") 
r7 
and 0.1511 sodium acetate. 	The nucleic acids were reprecipitated 
by the addition of 2 volumes of ethanol and storage at 0 °C for 2 hr. 
The precipitate was collected by centrifugation and washed by 
auepeneion in 80% ethanol-0.2% SDS. The nucleic acid pellet was 
dissolved in a small volume of 0.IxSSC (SSC.etandard saline citrate: 
0.1511 NaCl. 0.0511 sodium citrate, pH7.4) and then the concentration 
was increased to IxSSC by the addition of IOxSSC. Ribonuclease 
(Type I-A Bovine pancreas, Sigma), which had been treated at 80°c for 
S mm. to inactivate any DNaaa, was added to give a final concentration 
of 50pg/ml and the solution was incubated at 370C for 2 hr. Pronase 
(B.D.H. Chemicals Ltd.), which had been previously self-digested at 
20°C for 10 min., was then added (final concentration 400)Jg/61) and 
incubation continued at 37 0C for 2 hr. to remove RNsse and any protein 
remaining in the preparation. 	The solution was cleared of any 
particulate matter by centrifugation at 10 9 000xg for 10 min. and the 
DNA recovered by centrifugation at 125,000xg for 16 hr. at 0-100C, 
The pellet was dissolved in 0.1xSSC and the concentration 
of DNA calculated from the Optical Density at 260nm. 9 assuming 40)Jg 
of DNA in Iml has an 00260  of 1.0 in a 1cm. light-path. 
Radio-active labelling of leaf DNA 
Spanish Winter Melon seeds were germinated in Vermiculite. 
After 7 days, the seedlings were transferred to liquid culture 
(0.25xHoagland's solution) with 8 seedlings held in a blackened 50l 
beaker. 	Growth continued with 8 hr. days (1800 foot candles 
illumination) at 200C 9 with aeration provided by bubbling air through 
the culture solution. 	After 4 days, by which time the first leaf was 
3-5mm, in length, the medium was removed and replaced by distilled 
water. 	Twenty-four hours later, 2mCi of 32P-orthophoephate in 5x10511 
P.-orthophosphate (ba x phosphate concentration of 32P) was added. 
Seedlings were harvested after a further 24 hr. growth and DNA was 
prepared from the first leaves. A sample of DNA was analysed on 
the Model E to determine the percentage of satellite DNA. The 
remainder of the DNA was fractionated by preparative CeCI centrifugation 
(see p.g.24) and 0.1ml samples collected. 	Each fraction was diluted 
to 1.1 with 0.IxSSC and its degree of radioactivity determined by the 
Carenkov radiation counting method on the "Intertechnique' Liquid 
Scintillation Counter Modal SL30 ( 3H-preset channel). 
To further reduce any background due to ANA nucleotide 
contamination, each fraction was precipitated by TCA (5% final 
concentration) in the cold, and the DNA was collected onto an 0xoid" 
membrane (3cm., standard grade). The Csrsnkov tubes were then washed 
out with cold 5 ICA which was passed through the membranes which were 
finally washed with 1.1 0.5% 1CR. The filters were dried and counted 
in lOmi. of Toluene-Butyl PBO scintillation fluid by the SL30 
32 
( P-preset channel). 
2. 	Preparation of nuclear DNA 
Tissue was homogenized (Ig tissue per 4 ml medium) at 0 °C in 
the 'Virlia' homogenizer in Honda medium (Honda at al., 1966) 
supplemented with magnesium (0.25M sucrose, 2.5% w/w Ficoll (molecular 
weight 400 9 000) 9 5% w/w Dextran (molecular weight 90,000) 9 0.025M 
Trio-HC1 p117.8, 10mM magnesium acetate, and 2aM calcium chloride). 
The homogenization was at 45 9 000 r.p.m. for as short a period as 
possible in order to break the maximum number of cells with minimal 
nuclear disruption* 	In practice, very few nuclei survived, as shown 
by microscopic examination, and the result was a chromatin preparation. 
The ho*ogenate was filtered by squeezing through a nylon gauze (pore 
Pal 
diameter 25/i) and the filtrate centrifuged at 1000xg for 10 mm. 
The pellet was resuspended in 0*2M sucrose, O.OIM Trio-HC1 pH7.8 9 and 
2mM calcium chloride (0.1 x volume used for homogenization) and 
treated with Triton X-100 (4% final concentration) to solubilize 
chioropiset and mitochondria membranes. 	If the pellet, collected 
by centrifugation at 2500xg for 15 mm., was still green, the Triton 
treatment was repeated. DNA was prepared from the pellet by shaking 
in detergent medium, followed by deproteiniz.tion and purification as 
described for tote]. DNA. 
3. 	Properties of DNA 
a. Buoyant density 
The DNA was analysed by equilibrium centrifugation in 
neutral CeC1 on the 'Beckman' Model E analytical ultracentrifuge. 
Samples containing 2. 4fr,Q DNA, 0.8g CsCl and 0.62al 0.1xSSC were 
prepared. DNA of the bacterium Micrococcus lyeodeikticus (buoyant 
density 1.731g.cm 3 ) was added as internal marker (20y1 containing ip 
DNA). 	The refractive index of the solution was checked to be within 
the range 1.3990 to 1.4010 9 corresponding to initial densities of 
1.6959 to 1.7175 g.cm 3 respectively (Schildkraut at al., 1962). 	The 
samples were centrifuged within either the 2 or 4 place rotors at 
44 9 000 ropes. for 20 hr. at 25°C. 	The positions of the DNA bands 
within the CaCl gradient were then determined from photographs taken 
with UV light using 'Ilford' N4(50 film, which was developed for 2 mm. 
in 'Ilford' 102 developer and fixed for 2 mm. in 'Ilford' Ilfofix. 
Ten minutes washing in running water followed and then the film was 
allowed to dry. 
The photographs were scanned with a Double-beam recording 
ao 
microdensitometer, Mk. 	(Joyce, Loebi & Co. Ltd., Ceteehead- on- Tyne). 
The buoyant-density of the sample DNA was normally calculated from its 
position in the gradient relative to the M.lyeodeikticue marker DNA. 
In certain cases, it was more convenient to use Xenopus laevis or 
T4 DNA as marker. The gradients were initially calibrated by the 
centrifugation of 2 marker DNA. (Pk.yeodeikticus and Xenopus) in 
solutions of varying initial density, which resulted in the DNAa 
banding in different regions of the cell. The difference in distance 
between the bands, known to be equivalent to 31 mg.cm 3, was thereby 
related to their position within the cell, defined by the position of 
the N.lygodeikticus band relative to the reference marker at the 
bottom of the cell (Outside Marker) (fig.'). 
The position of the PLlyeodelkticus DNA relative to the 
bottom of the cell, therefore, gave the relevant value of the density 
gradient, which, when multiplied by the distance between the marker 
and sample DNA., gave the difference in density between the two DNA.. 
Error involved in DNA preparation and Model C analysis 
Six preparations of total-cellular DNA were made from sample. 
of 20 seeds obtained from one melon (Si to S6). Each sample was 
analysed by Model C centrifugatiori, and analysis of SI DNA was repeated 
at 6 different centrifugations, and of S2 and 53 at 2 different 
centrifugationa each. The buoyant den3itiea of the asinband and 
satellite DNA& and the satellite DNA expressed as a percentage of the 
total DNA for each centrifugation were determined (Table I ). 
It was found that for SI, the mean density of the mainband 
DNA was 1.6921 t 0.0002 g.cm. The satellite was present as 
24.4 1.0% of the total DNA. 
at 
FIGURE 1 
Microdsnsitoust.r *can of Model £ photograph. 
Jicrococcup lypod.ikttcu. (1.731 g.cu: 3) and Xenopu. l..vis 
(1.700 
,;3)  DNA& were centrifuged in a neutral CaC1 gradient 
at 44 9 000 r.p.m. for 20 hr. at 25°C in the Nodal £ as described 
In text. UV photographs wer. taken and a microd.nsita.ster 
scan mad.. 







The accuracy of buoyant-density 
and percentage satellite determinations. 
Sample 	 Buoyant-density (g.cm 3) Satellite 
Mainband Satellite 
( 	 of total) 
SI 	 1.6919* 1.7055 24.9 
1.6924 1.7059 24.6 
1.6922 1.7057 23.2 
1.6921 1.7056 23.1 
1.6921 1.7054 25.2 
1.6919 1.7055 25.6 
SI mean 	1.6921 ± 0.0002 	1.7056 ± 0.0002 	 24.4 ± 1.0 
S2 1.6916 1.7055 27.0 
S3 196924 1.7057 26.6 
54 1.6922 1.7057 2393 
S5 1.6923 1.7057 24.2 
55 1.5923 197058 23.9 
SI-S mean 1.6922 ± 0.0002 1.7067 ± 0.0002 25.0 ± 1.5 
* Value used for the S 1 _5 analysis. 
Six preparations of total DNA were made 
from samples of 20 seeds obtained from 
one melon (Si to S6). 	Each sample was 
analysed by Model ( centrifugation, and 
analysis of SI DNA was repeated at 
6 different centrifugations. 
For the six samples (Si to S6), the mean mainband density 
was 1.6922 2 0.0002 g.cm 3 and the mean satellite density 1.7057 ± 
000002 g.ciu. 25.0 ± 1.5% of the total was satellite DNA. 
The results indicate that the variance within Si is not 
significantly different from the overall variance (Si - 6), i.e. the 
error involved in DNA preparation is no greater than the error involved 
in Model E data analysis. 
b. Determination of molecular weight 
The molecular weight of the D?4A preparation was determined 
using the "spillover" technique (Studier, 1965). When necessary, 
the molecular weight of the DNA was reduced to approximately 1-2x10 6 
daltons by repeated rapid passage through • syringe needle. DNA size 
could be further reduced by sonication with an N.S.E. "Ultrasonic 
Disintegrator, 60W Model at a frequency of 20 kHz. 
Approximately 30?). of DNA (6080pg/ml) were placed in the 
spillover well in the centre-piece of the Model E cell. The rest of 
the cell was filled with 190M NaC1/0.05M sodium citrate, a small air-
space being left at the top of the cell in order to give a visible 
meniscus on the photographic film. When centrifugation started 
(5000-10 9 000 r.p.m.), solution from the well spilled over onto the 
top of the liquid in the cell, which was equivalent to layering the 
sample on the top of a gradient. The sample was centrifuged at 
26 9 000 or 30 9 000 r.p.m., depending on the size of the DNA, and UV 
photographs were taken every 4 sin. The photographs were then scanned 
and the distance between the meniscus and the DNA band determined. 
The rate of sedimentation of the DNA, in cm.s, was calculated and 
from this the absolute rate of sedimentation in the cell was calculated 
by dividing by the magnification factor involved in making the scan 
(l8.ix). 
This value was then divided by a constant of 42.624x10 6 
(for 26 9 000 r.p.m.) or 56.7936x106 (for 30 9 000 r.p.m.) and the quotient 
multiplied by 10 13  to give the sedimentation coefficient, S O,  which 
was then multiplied by 1.0761 (for double-stranded DNA) to give the 
(the value that would be obtained in water at 20 0C). The 
molecular weight was then calculated from the relationship (Studier, 
1965): 
log(Molecular weight)i log 5 ° 	+ 1.0545 10 20,w 
0.346 
Denaturation and Renaturation of DNA. 
DNA (either mainband or satellite), which had been 
fractionated by preparative CeCl centrifugation (page,), was 
recovered by centrifugation at 125,000xg for 16 hr. at 0-10 °C and 
dissolved in 0.IxSSC. 
The DNA was hand-sheared to approximately 1.2x106 dsltons 
and denatured by heating at 100 °C for 10 mm. The solution was then 
cooled quickly under the tap and kept in ice. Essentially no 
renaturation of separated strands occurred under these conditions. 
The salt concentration was then increased to IxSSC and a sample 
containing 2j.g removed for Model E analysis. The rest of the sample 
was incubated at (Tm_25)°C  to allow renaturation to occur. Samples 
were removed after various periods for analysis. The T 0 9  temperature 
of 50% denaturation, was calculated from the base composition of the 
DNA (Marmur at al., 1959) which was in turn derived from the buoyant-
density (Schildkraut at al., 1962). 
Fractionation of DNA 
Flame at al. (1966) gave reasons for the higher order of 
resolution obtained by using a fixed-angle, rather than a awing..out, 
rotor. 
DNA was fractionated in CsCl gradient* farmed in 10.1 tubes 
in the M.S.E. lOxIO rotor. 	For normal preparative fractionation, 
7g Cad. were dissolved in 594*1 0.IxSSC containing 50500, ag DNA, plus 
40g M.lysodeikticus marker DNA. The refractive index was adjusted 
to 1.4000 (1.7067g.cm 3 ) and samples were centrifuged in the PLS.E.50 
ultracentrifuge at 25 °C and 35 9 000 r.p.m. (80,000xg) for 66 hr. The 
rotor was allowed to slow without braking and the gradient collected 
by pumping 60 sucrose solution into the bottom of the tube. The 
00254 was continually recorded with an L.K.8. Uvicord I and fractions 
were collected every 7.5.. or 15.. (0.1 or 0.2*1 respectively). 	The 
exact position of the peak of the PI.lysodeikticua DNA was located by 
determination of the 00260P  by the Unicam SPSOO spectrophotometer, of 
the relevant fractions after dilution to 0.5.1 with 0.1xSSC. 
Hybridization of rRNA to DNA 
The DNA in each fraction obtained from a preparative 
centrifugation was diluted to 0.5*1 with 0.IxSSC and denatured by the 
addition of 0.5.1 IN NaOH. 	After 10 mm. at room temperature, each 
fraction was neutralized (and simultaneously buffered and made to 
high salt) by the addition of 2.1 of *acid" solution containing 0.2511 
Iris pH8.0, 0.2511 HC1 9 and 0.75M Ned. 	The denatured, neutralized 
DNA was then fixed to a 'Millipore filter (HA, O.45p pore diameter, 
13.. filter diameter), which had been previously numbered and soaked 
for at least 2 hr. in 6xSSC, by allowing the 3.1 to run through the 
filter at atmospheric pressure. The filter was washed with 1.1 of 
the "neutral", buffered salt solution (4 vol. 111 Iris p118.0, 4 vol. 
IN Nd, 8 vol.. 311 NaCl, I vol. IN NeON, and I vol. 0.1xSSC) and air 
dried on absorbent tissue in Petri dishes. The DNA was fixed to the 
filter by heating at 80°C in vacua for 2 hre immediately prior to 
hybridization. 
The DNA filters were incubated with artichoke (Helianthus 
tuberosue) 3HrRNA (1.3x106 daltona), of known specific activity, in 
6xSSC and 3 times in 2xSSC. RNaae was added to the final 2xSSC wash 
at a concentration of 10y/61 for 15 sin, at room temperature, The 
filters were finally rinsed in 2XSSC 9 dried on tissue and then at 80°C 
in vacua for 30 sin., after which they were counted in toluens-butyl 
P.8.0e scintillation fluid by the "Intertechnique" SL30 Liquid 
Scintillation Counter using the pre-set 311-channal. 
Determination of the deeres and nature of bacterial contamination 
0.5g of material was homogenized in isl of sterile water 
with a sterile pestle and mortar. A dilution series (1 to 10-5 ) was 
made from the homogenate and 0.lml of each was spread onto a nutrient 
agar msdium (289/1). Plates were scored for viable colonies after 
2 or 3 days growth at 25°C. 
In order to obtain pure bacterial strains from the 
contaminating population, the method of dilution streaking was used 
to obtain isolated colonies, each containing a pure strain. These 
colonies were then transferred to fresh plates and incubated for 
several days at 25°C. The bacterial growth was then scraped off the 
agar; DNA was isolated by shaking the bacteria in detergent medium, 
followed by deproteinization and purification an described for total 
DNA. 
Cytolooy 
a. Determination of amount of DNA per nucleus 
Values for the amount of DNA per nucleus were obtained by 
comparative densitom.try following staining with leuco-basic fuohsin 
(Darlington at al., 1960; McLeieh at aX., 1961). 
The samples, root tips or thin slices of artichoke tuber, 
were fixed in ethanoltacetic acid (30) for 1 hr. They were then 
washed three time in 95% ethanol and passed through an ethanol 
dilution series to water. After washing, the samples were hydrolysed 
for 6 mm. at 60°C in IN HCl followed by a rinse in water and staining 
in leuco-basic fuchein for 2 hr. at 20°C. Excess stain was removed 
by three washes in S0 2-water at p141.7 9 followed by a rinse in water, 
blotting, maceration in glycerol and squashing on a microscope-slide. 
The total amount of stain per nucleus was determined on an integrating 
microdeneitometer (Barr and Stroud Ltd., Glasgow and London) Type GH2 
by measurement of the 00565. The DNA content of the tissues was 
- 12 related to pea roots containing lOxID g. DNAtelophaee nucleus. 
b. Preparation of chromosome squashes. 
Buds of Tradescantia virginiana (var. Purple Dome) were 
taken from several different clones growing in the Departmental garden. 
Anthers were squashed with a blunt brass rod in a drop of 
lacto-propionic orcein on a glass elide and then covered with a cover-
slip. Gentle pressure was applied to the cover-slip to spread out 
the cells, but all sidewards movement was avoided as this would have 
broken the cells. 
The cells were examined on a Carl Zeiss Photomicroacope, 
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1.699 - 0 (1) 
1.698 1.709 7 (1) 
1.699 - 0 (1) 
1.696 - 0  
1.694 - 0 (i) 
10696  
1.699  
10700 - 0  
1.690 - 0 (i) 
1.697 - 0 (i) 
1.695 1.706 6 (1) 
1.694 - 0 (1) 
1.693 - 0 (n) 
1.695 - 
1.692 - 0  
1.700 - a  
1.692 1.706 25 (n) 
1.694 (1.702 28 
(1.706 16 
1.696 1.706 18 (n) 
1.695 1.707 16 (2) 




Winteracea. Drisy. pip.rita 
	
9 	R.nunculec.as, 	Ranunculu. acne 	 Meadow buttercup 
Ranunculus ficania Lesser cslwdin. 
oO 
	
Hsllsborue niger 	 Christmas no.. 
Anemone coronaria de Caen 





Aconitum nepellue Monkshood 
16 	Haa.elidscaa 	aa.oli. molli. 	 Witch hazel 
27 Caryophyllacs.. Dianthus barb.tu. Sweet William 
Chenopodiac... 	Beta vulgaris 	 Swiss chard 
Spinacia olsracsa 	 Spinach 
32 	Peaonisc.a. 	Puonia o?ficina.lje Pasony 
35 Passiflorace.. Paeeif lore antioqui.neie 	Passion-flower 
36 	Cucurbitacea 	Cucumie melo 	 Melon 
Cucusie eativu. Cucumber 
Cucurbita papa 	 Marrow 
Pumpkin 
Squash 
Table 2 (continued) 
Buoyant-density 
-3 
(Q. c$. ) 
*Order No. 	Family Senies Common name Main Sat. 
A. 	Dicotyledons 
Citrullus vulgeris Watermelon 1.693 1.708 3 (2) 
Blyonia dioica Whit. bryony 1.696 1.706 5  
Mo.ordica charantia Bale.. pear 1.695 - 0  
L.gen.ria vulgari. Bottle gourd 1.692 19707 9 (2) 
Luff. cylindrics 1.696 1.707 6 (1) 
38 	Crucifer.. Brassic. reps Turnip 1.696 1.704 21 (n) 
Br..sica p.kinensi. Chin... cabbage 1.695 1.703 17 (1) 
Raphanus settvu. Radish 1.700 - 0 (1) 
Lobulari. maritime 1.695 (1.688 23 
(1.706 9 
40 	Salicecea. Populu. nigra Black poplar 1.693 - 0  
50 guminoses Vicia faba Broad bean 1.694 - 0  
Vicia bengh.lensi. Purple v.tch 1.694 - 0 (1) 
Pieu. sativus P.. 1.695 - 0 (n) 
Phasaclue coccinsus Runner been 1.693 1.702 24 (n) 
Pha..olus vulgari. French bean 1.693 1.703 19 (2) 
Phso1ue aureug sing been 1.692 1.705 5 (1) 
56 	Rutace.. Citrus ainenais Sweet oring. 1.694 19712 23 (4) 
Citrus lison Lon 1.694 1.711 23 (3) 
Citrus pazadisi Grapefruit 1.693 1.711 23 (2) 
Citrus reticulate Tangerine 1.693 1.712 19 (1) 
Fortt,i.11a op. Maquat 1.693 1.712 24 (1) 
Table 2 (continued) 
Buoyant-density 
'Order No. 	Family Species Common name  Sat. set 
A. 	Dicotyledons 
Choi.ys tirnata Mexican orange 19694 0 (1) 
SkIi. japonica 1.695 - 0 (i) 
58 Linac... Linum ueitatieei.um flax 1.699 1.689 15 (8) 
Linia grandifloru. rubru. Red flax 1.698 - 0 (1) 
70 Sol.n.c... Sol.nu. tubarosia Potato 10695 1.707 4 (2) 
o Solemn criepu. Tree tomato 10698 1.710 6 (2) 
Solemn capeicastrum Christmas orange 1.693 - a (i) 
Lycop.reicon esculentia Tomato 1.694 1.705 8 (n) 
Atzopa belladonna Deadly nightshade I • 694 - 0 (i) 
Nicotiana tabacia Tobacco 1.697 0 (1) 
Petunia hybrid. Garden petunia I • 696 - 0 (i) 
71 Labista. Penile frut..c.n. 1.695 - 0 (i 
Col.u. blum.i Colsu. 19696 - 0 (2) 
72 Composites Tagat.s srecta gigent.. African marigold 1.692 - 0 (2) 
Calendula officinali. Pot marigold 1.692 19705 II (4) 
Bsllia p.r.nni. Daisy 1.694 - 0 (i) 
Halianthu. tub.roeus 3srueel.m artichoke 1.695 - 0 (7) 
Hisracium aurantiacia Orange hmmkws.d 1.696 - 0 (1) 




'Order No. 	Feally species Coon name Fbin 	Set, Sat. 
B. 	Ronocotyjedone 
79 Lilisceas Lilium regale Regal lily 1.698 	- 0 (1) 
Hyacinthus orisnt.alis Hyacinth 1.700 - 0 (n) 
Puachkinia libanotica 1.699 	- 0 (3) 
Chiorophytum *lotus variegatu. Spider plant 19693 - 0 (1) 
Amaryllidacea. Allium cops Onion 1.691 	- 0 (6) 
86 Comeslinsc.a. Tradescantia virginian. 1.695 - 0 (2) 
89 Gramineas Secal. cereal. Rye 1.702 	- 0 (9) 
Zoo may. Maize 1.701 - 0 (ii,) 
Triticum aestivum wheat 1.703 	- 0 (7) 
Hordeum vulgar. Barley 1.701 - 0 (1) 
92 L.unacea. Loma minor Duckweed 1.703 	- 0 (i) 
'Order No. is taken from the classification of Takhtaj.n. 
Total DNA was prepared from 1..? tissue except in the case 
of lemon and grapefruit where ae.ds were used* The DNA 
was prepared and analysed by neutral Cccl equilibrium 
centrifugation as previously described. The number of 
preparation. analysed 1s shown in parentheses (n'  10). 
SECTION 3* RESULTS 
1. 	The Distribution of Satellite DNA. 
A. Species rance 
Total DNA was prepared from a range of plant species. 
The buoyant-densities of the mainband and satellite (where 
present) DNAe are given in Table 2 9 together with the amount 
of eat.DNA expressed as a percentage of the total. 
None of the monocotyledons examined contained eat.DNA, 
although the density of the DNA varied from 1.691 gocm7 3 to 
1.703 g.cm: 3 , and the species ranged from the primitive 
Liliaceae to the highly evolved Gramineas. 	In the 
dicotyledons, set.DNA was distributed throughout the orders 
from the most primitive to the most advanced, as illustrated 
by Drimys (Macinoliales) and Calendula (Asterales) respectively. 
However, the occurrence of eat.DNA was more marked in some 
families, for example Cucurbitaceae and Rutaceae, whereas 
other families contained no sat.DNA in the range of species 
examined e.g. Ranunculaceas. 	Even in families when, a large 
proportion of the species examined contained a eat.DNA, there 
were members which did not e.g. Momordica (Cucurbitac.ae) and 
Choisya (Rutaceae). 
The presence of sat.DNA was frequently restricted to 
certain genera within a family. 	In the Leuminosae, 3 species 
of Phaseolus contained sat.DNA whereas Pisum and 2 species of 
Vicia did not. 
There was, possibly, a tendency for the more highly bred 
on cultivated plants to contain more eat.DNA than wild plant.. 
In the Cucurbitaceae, Bryonia, the only wild species examined, 
21 
contained 5% aat.DNA. 	A small percentage of sat.DNA was 
also present in Luffa and Legeneria, which although cultivated 
have not been subjected to intensive braiding like the melon 
and the cucumber which contained >20% aat.DNA. Similarly in 
the Rutecsae, the Citrus genus, which has been intensively 
bred for the fruit quality, contained >20% eat.DNA, whereas 
Choisye and Skimeia, which have not been similarly selected, 
contained no satellite. 
Certainly, of the dicotyledon species examined, all those 
containing >10 set.DPdA had been subjected to intensive breeding. 
Be Variation in buoyant-density and amount of satellite 
The buoyant-density of both mainband and satellite DNA 
varied, with the satellite range being greater than that of 
the meinband. 
Sat.DNAs varied from 1.688 to 1.712 g.cm' 3 (a rang. of 
24 mg.cm) whereas the mainband DNAs of species examined were 
.1.1 within a 12 mg.cai 3 spread from 1.691 to 1.703 g.cm 3 0 
The density of the sat.DNA appeared to be independent of that 
of the mainband, since flax and Solanum criepum, both with 
similar mainband densities, had satellites with densities of 
1.689 and 1.710 g.cm.-3  respectively. 
In the majority of plants analysed, the satellite was 
denser than the meinband, flax and Lobulaxia being the only 
examples where the set. DNA was less dense than the mainband. 
The separation of the satellite component from the mainband 
DNA varied from 19 mg.cm 3 (Fortunefla) to 8 ..C:'3 (turnip), 
when the sat. DNA appeared as little more than asymmetry of the 
peak. Components separated by less than 8 mg.cm7 3 ware, 
FIGURE 2 
The range of plant satellite DNA*. 
Total DNA prepared from 1..t tissue was analysed by neutral CaC1 
equilibrium centrifugation at 44 9000 r.p..., 25°C for 20 hr. 
The buoyant-d.neities were calculated relative to the internal 
marker DNA of Ricropoccua Lyeodeikticu* (1.'731 g.ca 3). 
a, FprttaeU. DNA, 
and 1.692 
d, Runner been DNA 
-3 
and 1.696 g.ca. ; 
1012 and 1.693 g.oa; b y Nslon DNA, 1.706 
s, Cucumber DNA, 1.706 9 1.702 and 1.694 g.ce. 3 ; 
, 1.702 and 1.693 9.ca 3I a, Turnip DNA, 19704 
go Caj-3 
F. Flax DNA, 19699 and 1.689 
+ 
f1 a 
20 	10 0 10 20 
DENSITY DIFFERENCE FROM MAIN RAND (mgcm3) 
therefore, not resolved (fig.2). 
The largest amount of sat.DPJA observed was 44% of total 
DNA in Cucumis sativus seeds when at least 2 satellite 
components were present. A single satellite component of 
20 - 25% of the total DNA was found in melon, Citrus, Phassolus, 
and turnip. 
The lower limit of detection depended on the density 
difference between the satellite and mainbanci, the size of the 
DNA being fractionated, and the sensitivity of the analytical 
method. Consequently, although the 3% satellite peak in 
Citrullus use quite distinct (15 mg.cm. difference in density 
from mainband), in Bryonia the 5% satellite was present as 
only a shoulder. 	In general, components lees than 5% were 
not recorded as a satellite unless particularly well resolved. 
The majority of plants examined contained one satellite 
which was denser then the mainband although cucumber had two 
dense satellites. Flax and Lobularia both contained one 
less-dense satellite but Lobularia also had a sst.DNA which 
was denser than the esinband. 
C. Heterogeneity of the satellite DNA 
The heterogeneity of the plant ONAs, both mainband and 
satellite, was examined by re-running on the 'Model (P  fractions 




Preparative fractionation and reconstitution of cucumber var. 
Kariha DNA and of marrow DNA. 
Cucumber fruit DNA and marrow leaf DNA were fractionated by 
preparative centrifugation in the MSE lDxlO angle rotor at 
35,000 r.p.m., 250 e C for 66 hr. BeM. ly.odsiktic DNA (1.731 90 c. 3 ) 
was included as internal marker. The gradient we.e dripped from 
the tubs and collected as fractions. Each fraction from the 
eainbarid and satellite was analysed by Model C centrifugation, 
and the fractionation reconstituted as a histogram on the basis 
of the percentage distribution of the components after analysis 
and the amount of DNA in each initial fraction. a. Marrow 
leaf DNA; b, Cucumber fruit DNA. 
For comparison, the continuous line shows Nodal C analyses of 




Homogeneity of Mainband and Satellite ONAs 
Marrow 	 Cucumber 
Initial Re-run densities 	Initial 
	
Re-run densities 




1.697 M 1.696 
1.700 1.696 
1.702 1.597 1.706 
1.705 S 1.697 1.706 
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DNA (50 to 100 	was fractionated 
by preparative CaC1 preparative CsC1 
equilibrium centrifugation and the 
average buoyant-density of each fraction 
estimated from the known densities of 
the meinband and Pt. lyaodejkticua DNA.. 
Approximately 2pg. of DNA from each 
fraction was analysed by Model C CaC1 
centrifugation. 	The positions of the 
mainbend and satellite peaks in the 
preparative fractionation are indicated 
by Pt or S respectively. 	Where two or 
more components were resolved on the 
re-run the major component is underlined. 
The relatively broad mainband of marrow, with a peak at 
1.696 g.ca, consisted of components of densities of 1.692 - 
1.697 g.cm 3, since fractions of initial density 1.688 - 
- 1.700 Q.c.. 3  re-ran to give peaks Corresponding to these 
values (Table 3; fig.3a). The width of the mainband peak, 
therefore, resulted partly from the heterogeneity of its 
component DNA and partly from the size of the DNA analysed. 
Mainband DNA of density 1.696 g.cm 3 was also present 
throughout the sat.DNA region up to a density of 1.708 g.ca 3 
In contrast to the mainbend, the satellite peak was homogeneous, 
since samples taken from the preparative gradient at densities 
from 1.702 to 1.714 g.cm 3 all re-ran to 1.706 g9cm 3 
In cucumber, the mainband was again heterogeneous, but in 
contrast to marrow, samples from the satellite region indicated 
a range of components with densities from 1.700 to 1.709 g.cm'3 
(Table 3; f'ig.3b). 
2. 	Cellular Location of Satellite DNA 
The analyses of the species previously described involved 
total cellular DNA. 	It was necessary, therefore, to show that 
the satellite, when present, was nuclear. Plant cells contained 
two organelles: chiozoplaste and mitochondria. The density of 
chloroplaet DNA had been shown to be constant at 1.697 g.cm 3 in 
the species studied and it would not be resolved from mainband 
DNA. Satellite DNAs were, by definition, resolved from the 
mainbagad, Mitochondrial DNA with a density of 1.706 g0cm 3 had 
a density similar to many of the satellite components. However, 
mitochandrial DNA appeared to be present in very small amounts 
((1% of the total DNA). Onion roots, which presumably had a 
FIGURE 4 
Narrow DNA from  nuclear preparation. 
A crude nuclear preparation was made as described in the text 
(1,500xg pellet) and subsequently washed with Triton X-100 to 
solubilize mitochandria and chloroplaste. Insoluble material 
was p.11eted by centrifugation at 2 p 5DOxg for 20 mm. at 0°C 
and DNA prepared and analysed on the Model C. 
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normal number of mitochondria, contained no component at 
1.706 g.cm 3, which would be completely resolved from the mainband 
of density 1.691 g.cm 3 Sat.DNAe were not, therefore, of 
chlorop]aat or aitochondrial origin. 
It was possible that satellites were not of plant origin at 
all, since material from the greenhouse or garden was not sterile. 
It was necessary, therefore, to ensure that sat.DNAe were not 
bacterial. The number of bacteria present in a sample of tissue 
was determined by dilution plating and varied from I04  to 10 
bacteria/g. The total amount of bacterial DNA present was 
calculated on the basis of there being 10 4g. DNA/bacterium. 
The 10 bacteria/g. of tissue contributed 10-3 g. DNA compared 
with ##10pg. sat.DNA per gram of tissue. Furthermore, the 
interior of the fruits of melon and cucumber were sterile, as 
were the seeds from these fruits. Nevertheless, they contained 
the full amount of aat.DNA. Therefore, with healthy plant 
material, although bacteria were present, bacterial DNA could 
account for no more than 0.01% of the set.DNA, and therefore it 
was concluded that eat.DNA was not of bacterial origin. 
The analysis of DNA from a nuclear preparation, which had been 
washed with Triton X-100 to solubilize chloroplasta and 
mitochondris, contained the sst.DNA (fig.4). 	In some instances 
there was a slight enrichment of satellite relative to a total-
cellular preparation. This was consistent with contamination 
of mainband by chioroplast DNA in a total-cellular preparation 
reducing the percentage of sat.DNA. Because of the relatively 
low yield of nuclear material (1% from many of the tissues studied) 
and since these preparations contained broken nuclei with the 
21 
possibility of preferential loss of chromatic fractions, total-
cellular DNA was routinely prepared for analysis. 
3. 	Complexity of Satellite DNA 
One of the most characteristic properties of animal sat.DNA 
is its rapid rate of renaturation owing to the repetitious 
nature of the DNA. The rate and extent of ranaturation of 
plant s.t.DNA was therefore determined. 
Citrus ainenais (Sweet orange) leaf sat.DNA (1.712 g.cw 3 ) 
was purified by a preparative CeC1 gradient, denatured, and then 
subjected to conditions favouring renaturation. Renaturation 
was followed by Model E' analysis. On denaturation, the density 
of the satellite increased to 1.722 g.cai 3 After 5 minutes at 
3)1g./wi. in IXSSC, the DNA had renatured to 1.713 g.cm 3 (fig.5). 
From this, the time for 50% rsnaturetion could be estimated to 
be <2 sin., indicating that orange satellite was similar to melon 
eat.DNA which was 50% renatured in 1.5 mm. (2)1g./mi. in ssc.). 
Under identical conditions of raneturation, 14 DNA at 2,ig./mi. 
took 80 win, for 50% renaturation. 
14 DNA was 140x10 6 daltons. 	Orange 
therefore, be such less complex i.e. 
daltone. This was sharply contrasti 
The kinetic complexity of 
and melon satellites would, 
1.5x 140 x 10= 2.6 x IO 80 
d with the mainbend DNA of 
melon which renatured hardly at all (Table 4). 
UN 
IGURt 5 
Rate of r.naturatian of orange leaf satellite DNA. 
DNA was denatured in 0. IxSSC by heating at 100°C for 5 miiie and 
than quickly cooled. A sample of the denatured DNA was enslyesd 
by Model £ CeC1 centrifugation* The salt concentration was then 
Increased to lx$SC, and the temperature raised to T-25 0C. 
Samples were analysed in the Model £ after various tin, intervalso 
a, native satellite 011*: 1.712 g.c.3;  b, denatured satellite DNA: 
1.722 	o, satellite DNA renatur.d for 5 sin.: 1.713 g.c 3 
Marker DNA.: a, R. lyeodeikticue 1.731 g.ciui. 3 ; b, c, 14 10700 
I 	I 
1•731 	1•71i71 	1700 
Table 4 
Renaturation of Satellite ONAs 
DNA 	 Time for O. 	Extent of 	Complexity 
reneturation renaturation' re].ativo to T 
(mm.) 
80 13/15 1 
E. coli 900 12/13 11 
Melon stress-satellite 1500 6/10 19 
Melon mainband - 2/16 - 
Orange satellite 2.5 9/10 0.03 
All DNA samples were hand-sheared to 
approximately 2x106 daltons double-
stranded fragment, and ren.turation 
results have been corrected to a 
concentration of 2p9./ml 	The time 
for 50% renaturation was estimated 
from Model C centrifugation analyses 
as described in the text. 
*Expressed as the decrease in buoyant-
density during 22 hre renaturation 
relative to the increase in buoyant-
density observed on denaturation 
-3 
(.g.cm. ). 
The telephaso nucleus in orange contained 2x10 2g. DNA of 
which 20% was eat.DNA i.e. 4x1O 39. .at.DNA/2C nucleus. The 
total satellite was therefore equivalent to 4x10-13  x 5x10 23 daltone 
2.4 x 10 11 daltons. 
The orange therefore contained 294 x 10 11 - 10 copies of 
2.5 x 10 
the reiterated sequence per genoa.. 
4. 	Constancy of Satellite DNA during Development 
Initial, analyses of different tissues of a particular species, 
such as leaf, fruit, root tip, seed, showed that when satellite 
was present it was found in all tissues, but there was some 
suggestion that the amount of eat.DNA varied a little. The 
amount and buoyant-density of sat.DNA was, therefore, determined 
in different tissues of an individual plant to confirm whether 
or not such differences were significant. The appearance of 
additional satellite components had been reported during certain 
conditions of physiological stress. This phenomenon was also 
further investigated. 
A. Stress-satellite DNA 
Plants were subjected to the conditions of physiological 
stress which had been reported to give rise to the 
strese-aat.DNA (Qutier, Guill6 and Vedel, 1968; Cuill, 
Qutier and Huguet, 1968). 	The stress conditions used by 
these workers included growing seedlings on water in the dark 
for long period., wounding dark-grown seedlings by bruising, 
slitting, or decapitation, or storing seeds for 2 - 3 weeks 
at 4°C. 
In preliminary experiments designed to confirm the 
qo 
observations of Qutier, Guil1 and Vadel (1968) 9 tomato and 
cucumber seedlings were germinated in the dark at 20 °C for 
20 days, and seeds from two melons were stared at 4°C for 
15 days. Analysis of the DNA prepared from the hypocotyl tissue 
of 7 and 20 day old cucumber seedlings showed only the normal 
nuclear DNA components - the mainband at 1.693 g.cm 3 and 
the double sst.DNA peaks at 19702 and 1.707 g6cm 3 (fig.6). 
After 14 days etiolated growth, the tomato hypocotyl contained 
a trace of the stress-eat.DNA (1.720 g.cai 3) in addition to 
the normal mainband (19694 g6cm 3) and satellite (1.705 g9c 3 ) 
ONAs (fig.?). 
Melon seeds stored for 15 days, however, contained large 
amounts of the stress-eat.DNAs, which were not present in the 
fresh seeds (fig.8a). 	Honeydew melon seeds contained one 
stress-eat.DNA at 1.718 g0cm 3 in addition to the normal 
components at 1.693 and 1.707 g.cm. (F ig.8b), whereas the 
Hero of Lockinge seeds contained stress-sat.ONAs at 1.698, 
1.715 9 1.719 and 1.726 g.c 3 (r ig.Bc). 	Further studies were 
therefore concentrated on the appearance of these stress-satellites 
during the cold-storage of seeds of Cucurbitaceas species. 
Several properties of the stress-sat.DNA prepared from 
cold-stored seeds of Honeydew melon were determined. All of 
the components in the CeC1 gradient (fig.8b) were completely 
removed by treatment with deoxyribonuclesse. Analysis of 
the CsCl gradient with Schlieren optics showed no evidence of 
polysaccharide contamination of the peaks (Edelman, Swinton, 
Schiff, Epstein and Zeldin; 1967). 	The stress-sat.DNA 
(1.720 g.ca;3), isolated from a preparative CeCl gradient of 
1+1 
FIGURE 6 
DNA of dark-grown cucumber e.sdlirigs. 
Cucumber seedlings were grown in the dark at 20 °C and the DNA 
was prepared from the hypocotyle after 7 day. (a) and 20 days (b). 







DNA of dark-grown tomato seedling.. 
Tomato seedlings were grown in the dark at 20 °C for 14 day.. 




DNA from melon seeds stored for varying lengths of ti.. it 4 °C. 
a, DNA from fresh seeds of Honeydew melon. Msinb.nd and 
satllit. it 1.693 and 1,707 g oeme respectively; b, DNA from 
15-day cold-stored seeds of Honeydew melone 	stnband and 
..t.11ite plus stress-satellite it 1.718 Q.0. 3$ a, DNA from 
15-day cold-stored s•ede of Hero of Locking. ..lone flsinband 
and satellite it 1.693 and 1.707 g.ca respectively with 
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stored melon seeds, showed normal thermal melting with a T of 
88.5° C corresponding to a 60% (c+c) (Mermur and Doty, 1959). 
On denaturation, the density of the DNA increased by 8 mg.cm.-3  
It was suggested by Qutisr, Guill'o and Vedel (1968) that the 
email increase in density on denaturation might be the result 
of the DNA being in the process of transcription, but it was 
probably due to the high (G+c) content of the DNA since 
Nicrococcus lysodeikticus DNA (73Cc) increased from 1.731 to 
only 1.737 g.cm 3 on denaturation (Pearson and Ingle, 1972). 
The stress-eat.DNA from an Ogan melon (1.711 g.cm 3) showed 
50% renaturation after approximately 24 hours (1500 sin.) in 
lxSSC at a concentration of 2)J9./ml. (fig.9) compared with 
80 sin, for T 4 900 sin, for E. Coil and 1.5 sin, for melon 
satellite (1.706 g.cm 3) DNAs under identical conditions 
(Table 4). 	This stress-satellite was not, therefore, rapidly 
renaturing like the normal aat.DNA of melon, being more similar 
in complexity to E. Coil DNA. 
These results confirmed that the stress-eat,DPJA was indeed 
* 
double-stranded, but its complexity (1000-fold greater than 
for the normal satellite) indicated that it was not composed 
of highly reiterated sequences. 
The appearance of the stress-sat.DNA was quantitated during 
the storage of seeds from a Musk melon (fig.10) and a Honeydew 
melon (fig.11). The total DNA content was calculated from 
the 00260 of the purified DNA preparation and the individual 
amounts of the mainband, satellite, and stress-satellite DNA* 
estimated from the scans of the 'Model E 9 analyses. The 
amounts of the mainband and normal satellite DNA8 remained 
FIGURE 9 
R.nsturation of the stress-set.11it. DNA fro. an Og.n melon, 
The stress-satellite DNA was Isolated and purified from a 
preparative CsCl density-gradient and then denatured and 
r.natur.d as described in fig.5. Renaturatian was allowed 
to proceed for 24 hre n native DNA density; d - denatured 
DNA density. 	Internal marker - 1 4 DNA (10700 ,;3)• 
1•721 	1711 	1•700 
FIGURE 10 
Appearance of stress- e.t.11it. during cold-storag.. 
Seeds of . P.mk melon were stored at 0-4°C. The total DNA 
content of the seed was calculated from the purified DNA 
preparation. The amounts of the individual DNA components 
were determined from the Model £ fractionation.. 
p Total DNA; 	p 	a stress-satellite DNA 
(1.711 g.ci.. 3)p -A-A mainb.nd DNA (1.693 •3) 
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FIGURE 11 
Appearance of stress-eatallite DNA during cold-storage. 
Seeds of a Honeydew melon were stored at 0..4 °C. The total 
DNA content of the seed was calculated from the purified DNA 
preparation. The amounts of the individual DNA components 
were determined from the Model C fractionation.. 
. 	a Total DNA; 	p 	p stress-satellite DNA 
(10718 g.cm 3); -A -A astnband DNA (1.693 g.cm); 
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days 
constant at 1.8 and 0.7 ,Ig./seed respectively in the Musk melon, 
while the stress-satellite increased from 0 to 2r' in 5 days. 
In the Honeydew melon, the mainband and satellite were constant 
at 3.5 and 1.25 )JQ./ee.d respectively and the stress-sat.DNA 
increased from 0 to 1.8 p. in 9 days. Consequently, the total 
DNA per seed increased by 50 - 100% during cold storage. 
These results indicated that the increase in stress-satellite 
represented de novo synthesis of DNA rather than a conversion 
of existing nuclear DNA. Such time course experiments were 
repeated with seeds from a variety of melons, and from cucumber 
and marrow seeds. 
Table 5 
The buoyant-densities of the stress-satellite DNA* 
Produced durinQ cold storage of seeds. 





Here of Locking. 1.698 19716 1.719 	1.726 









Spanish Winter a 1.717 
b 1.718 
C 1.718 




Kariha 	a 19711 1.719 
b 1.718 
Marrow 
Courgette 	s 1.695 1.714 1.720 
b None 
* Melons a, b, c, d, etc, indicate seeds 
from 4 different fruits. 
x The major components are underlined. 
Seeds were stored at 0-4 0C for several 
weeks. 	Approximately 2p. of DNA 
prepared from the seeds was analysed by 
neutral CeCX equilibrium centrifugation. 
FIGURE 12 
DNA from salon seeds stored it 0-4°C. s, Spanish Winter 
salon seeds stored for 28 days within the fruit in totoo 
sinbsnd and normal satellite DNA. only at densities of 
1.692 and 1.707 ,..; respectively; b, Musk melon seeds 
stored for 14 day.. Washed sasdes stress-satellite DNA 
present (1.711 g.ca 3); c, Musk salon seed, stored for 
14 days. Seeds stored in the mucilaginous placental material 
from the melons stress-satsilite absent. Nsinband and 
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FIGURE 13 
DNA from seed. of Honeydew melon stored for 14 days at 0-4 °C. 
e, DNA prepared by tissue disintegration in the 'VirTi.' 
homogenizer showing m.inband and satellite DNAe only at 1.692 
and 1.706 	respectively; b, DNA prepared by homogenization 
in a pestle and mortar showing asinband, normal satellite, and 
stress-satellite DNA. (19692, 1.706, and 10718 g.ca'3 respectively). 
Al 
b. 
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The density of the stress-sat.DNA varied with different 
species, with different varieties of the em.e specie., and 
also to a certain extent for a given variety (Table 5). 
The time at which strese-satellite appeared and the final 
amount of stress-satellite also varied considerably. 
Moreover, with seeds from one Honeydew melon, one Ogen melon, 
and one marrow, no stress-sat.DNAs were produced (Table 5). 
It was also shown that no stress-sat,DNA was produced when the 
seeds were stored in the cold within the melon fruit in toto 
(fig.12a) and further there' was no change in the DNA 
fractionation when the seeds were removed from the fruit but 
maintained in the mucilaginous placental material for the 
cold-storage period (fig.12c). 
It was observed in preliminary experiments that the yield 
of the stress-sat.DPJA, expressed as a percentage of the total 
seed DNA, varied considerably depending upon the homogenization 
method used in the DNA preparation. Homogenization with a 
pestle and mortar, which resulted in a very low yield of total 
DNA, produced a much higher percentage of the stress-eat.DNA 
than after a very thorough tissue disintegration in the 'Virus' 
homogenizer (fig.13). 
Following this indication that the stress-aat.DNA was more 
readily extracted than the normal DNA, cold-stored seeds were 
dissected into cotyledon and seed-coat tissue and DNA prepared 
from each fraction. Although the whole seed of Hrneydew melon 
contained a large proportion of strese-eat.DNR (1.718 g.cm 3 , 
fig.14a), the cotyledons contained only the mainband (1.693 g.cm) 
and normal satellite (1.707 g.cm 3) DNA. (fig.14b). 	Essentially 
FIGURE 14 
Localization of the stress-satellite DNA within the melon seed. 
Seeds of Honeydew melon were stored for 34 days at temperature. 
of 0-4°C and then separated into cotyledon and seed-coat tissue. 
DNA was prepared from these tissues, and from the complete seed, 
and analysed by Model £ centrifugation. a, DNA from the 
complete seed; b, DNA from the cotyledon tissue; a, DNA from 
the seed-coat tissue; d, DNA prepared by washing the intact 
seeds in the detergent extraction medium. 

all of the 10718 g.ca DNA was present in the seed-cost 
tissue, together with a tree, of usinband DNA (fig.14c). 
Similar results were obtained on dissection of marrow 
seed, where the total seed had a stress-sat.DNA (1.720 96ciiui73 0  
f1g.15) which was absent in the isolated cotyledons (1.695 
.-3 
and I • 705 g. cm. ) • The seed- coat contained large amounts 
of the 1.720 and also 1.695 g.cii. 3 DNA.. This, therefore, 
suggested that there was some stress-sat.DNA of a similar 
density to the mainband. 
The restriction of stress-.at.DNA accumulation to the 
seed-coat, which was composed largely of dead cells, indicated 
that this DNA was probably not of plant origin, but was the 
result of bacterial contamination on the outside of the seed-
cost. This was confirmed by OwashLngO cold-stared seeds in 
detergent extraction medium without any homogenization of 
the seed material. The DNA recovered from the Owashinqu 
was identical in buoyant-density (Melons 1.718 96c. 3, fig.14dp 
Narrows 1.720 and 1.695 g.c 3, ?ig.15d) and in yield (Table 6) 
to the stress-sat.11its component of total seed DNA. 
FIGURE 15 
Localization of the stress-satellite DNA within the marrow seed. 
S.eds were stored for 22 days at temperatures of 0-4°C and than 
separated into cotyledon and iced-coat tissue. DNA was prepared 
from these tissue., and from the complete seed, and analysed by 
Model C centrifugation* a, DNA from the complete seed; b, DNA 
from the cotyledon tissue; c, DNA from the seed-coat tissue; 








The location of the stress-satellite DNA in the 
seed and its correlation with bacterial contamination. 
No. days 	 pica. DNA/seed 
Seeds 	cold- Stress- 	Seed Detergent Bacterial bacteria 
storae satellite Coat 	Wash 	 per seed 
Honeydew 
melon c 	0 	0 	0 	0 	 - 	 - 
	
20 1.6 1.4 - - - 
22 	- 	- 	1.8 	2.0 	2x10 
24 1.7 1.8 - - - 
Honeydew 
melon 	d 15 0 	- 	- 0 40 
28 0 - - 0 200 
Courgette 
marrow 	a 0 0 	- 	- 0 20 
22 4.5 3.8 - - - 
46 8.8 	6.8 	6.1 >2 >2x108 
The amount of stress-satellite DNA 
was calculated from the Model E 
fractionation. 	The seed-coat DNA 
was the total amount of DNA prepared 
from the isolated seed-coats. The 
detergent-wash DNA was the total amount 
of DNA extracted by washing the intact 
seeds in the detergent medium. The 
bacterial DNA was calculated from the 
number of bacterial contaminants per 
seed on the basis of 	per bacterium. 
if-i 
The pr.e.nce and amount of the strse.-sst.DfS* we also wall 
correlated with the extent of the bacterial contamination. 
The amount of bacterial DNA per seed, calculated on the basis 
of 10" 14g. of DNA per bacterium, was similar to the 
straissetsllite ooepon.nt of the total DNA, to the DNA content 
of the seed.coat, and to the DNA prepared by detergent washing 
of the seed (Table 6). Those seeds which produced no 
stzes..s.t.DNA (Hon.ydsw, asian d, Table 5) had very little 
bacterial contamination, even after long storage period. (Table 6). 
I.øl.t.s of bacteria from different saids were cultured, and 
the 08*5 prepared from such cultures were identical in density 
to the .trese-st.DN*s (fig.16). DNA from the bacterial strain 
Isolated from cucumber (var. Kariha) saids was denatured and 
renatur.d. The DNA (iOyQ./uil.) was 50% renatured in IxSSC 
after between 4 and 26 hr. This was equivalent to 50% 
renaturetion after between 1,200 and 7,800 .i. in IKSSC its 
concentration of 2yQ./ml. and was of the same order as that 
of stress..at.DNA and t. Coil DNA (Table 4). In conclusion, 
thee, results showed that the stress's.t.ONA which was produced 
In seeds of the Cucurbitscee during cold-storage was bacterial 
in origin. 
FIGURE 16 
DNA of bacteria isolated from cold-stored seeds. 
a t bacterial cuiture from cold-.tor.d Honeydew melon a..ds 







B. Differential DNA replication during normal growth and developmept. 
(i) Difference in satellite DNA between tissues. 
Table 7 
Variation in the percentage of satellite DNA 
present in melon tissues. 
Variety Seed Fruit Mature 	Mature Root Leaf Hypocotyl 	Flower Cotyledon 
Hero of Lockinge 26.1 17.1 15.6 14.4 	25.8 19.7 	21.5 
Honeydew 	a 29.4 17.2 22.4 
Musk 	b 29.6 17.1 18.9 17.6 
Spanish Winter c 27.7 18.5 174 21.9 
Spanish Winter a 24.3 16.7 16.2 19.2 
Spanish Winter g 30.3 15.2 20.4 	29.7 21.9 
Spanish Winter h 24.8 20.9 16.3 14.1 
Spanish Winter J 34.1 23.9 20.9 
Spanish Winter k 36.3 15.1 19.3 
The letter following the variety identifies an individual melon. 
DNA was prepared from fruit tissue 
and seeds of commercially obtained 
melons. Seeds were then germinated 
and DNA prepared from the different 
tissues of the seedlings. 
The percentage of eat.DNA in different tioauee of melon 
plants was determined (Table 7). The seeds and roots 
contained a higher percentage of aat.DNA than the other tissues, 
whilst the fruit, mature cotyledons, and leaves had the least. 
Hypocotyls and flowers had intermediate percentages or sat.DNA. 
Typical scans of the DNA from four of these tissues are shown 
(fig. 17). These differences between the various tissues were 
such greater than the errors involved in preparation and 
analysis of DNA (Table 1). 	Since the biggest differences 
seemed to be between fruit and seed, and since substantial 
amounts of DNA could be obtained from both fruit and seed of 
individual melons, further studies concentrated on these 
tissues. 
FIGURE 1? 
Analysis of DNA prepared from salon tissues. 
Total DNA was prepared from the seeds (a) and the fruit (b) 
of Spanish Winter melon g. Seeds of this melon were 
germinated and DNA was prepared from the root tip (c) and 
hypocotyl tissue (d). The DNA* were analysed by Model 
centrifugation. The value indicate. the .i.ount of ..t.11ite 








Distribution and buoyant-densities of mainband 
and satellite DNAs from seed and fruit tissues. 
Buoyant-density (.crn. 3 ) 
% Satellite Mainband Satellite 
Variety Seed Fruit Seed Fruit Seed Fruit 
Melon 
Hero of Locking. 26.1 17.1 1.6924 1.6938 1.7058 1.7085 
Honeydew 	• 29.2 21.8 1.6919 1.6933 1.7062 1.7076 
24.7 18.4 1.6922 1.6936 1.7056 1.7079 
9 23.4 18.1 1.6922 1.6926 1.7056 1.7066 
h 25.5 17.3 1.6928 1.6939 1.7063 1.7082 
Ogan 	a 3096 18.2 1.6927 1.6937 1.7056 1.7088 
C 24.9 19.1 1.6929 1.6930 1.7063 1.7067 
Musk 	a 2492 16.3 196923 196927 1.7057 1.7070 
b 29.5 17.1 1.6926 1.6940 1.7056 1.7071 
Spanish Winter 	c 27.7 18.5 1.6917 1.6931 1.7063 1.7075 
e 24.3 16.7 1.6931 1.6932 1.7068 1.7076 
g 30.3 15.2 1.6923 1.6928 1.7064 1.7079 
h 24.8 20.9 1.6918 1.6928 1.7057 1.7070 
J 34.1 23.9 1.6221 1.6925 1.7056 1.7069 
Cucumber 
	
Kariha satellite 1 	41 	34 	1.6939 	1.6943 	1.7011 	1.7034 
satellite 2 1.7060 1.7084 
In cucumber, the data are the means 
from 7 samples of seed and fruit. 
Owing to lack of resolution of the 
2 satellites in cucumber, the combined 
satellites are expressed as percentage 
of the total DNA. 
f 
In every melon examined, the percentage of eat.DNA in the 
fruit was lees than in the aceda, in some cases even half 
(Table 8). Differences between individual melons of the same 
variety might have resulted from the confused taxonomy of 
melons and from their different genetic backgrounds. The 
variation was not due to variability of extraction and analysis, 
since there were very small differences when 6 batches of seeds 
from a single melon were analysed (Table 1). Furthermore, in 
every melon examined it was observed that the densities of both 
mainband and satellite DNAs were less in the seed than in the 
fruit (Table 8). These results concerning the difference 
between fruit and seed DNA, both with regard to density and 
sat.DNA percentage, were highly significant (p <O.1%). 
There was a similar difference in the amount of sat.DNA 
between cucumber fruit and seed (Table 8). For each of the 
2 sat.DNAs of cucumber, the percentage present in DNA of fruit 
origin was less than in DNA of seed origin. Furthermore, the 
density of each sat. DNA was significantly, greater in the fruit 
than in the seed (Table 8) as was the case in melon. 	However, 
unlike melon, cucumber mainband DNA was not significantly 
different in density in the fruit or seed (Table 8). 
Owing to the very different natures of seed and fruit tissue, 
it was possible that these differences might result from 
differential extraction of mainband and satellite components. 
This possibility was checked by using a different method of 
DNA preparation, and by several consecutive extractions of 
tissue: 
pSJProe Pr0c!iIF0 for DNA Dragaretiono 
Fruit and seed material from. Honeydew melon were 
homogenized in SSC. SOS (Sodium dod.cyl sulphate) was 
added to a final oonc.ntzation of 095%, and then prone.. 
(self-digested for ID win.) was added to give a final 
concentration of $Oag./al. After incubation at 370C 
for 16 hr., debris was removed by centrifugation and the 
supernatant was further deproteinized with phenol mixture 
(see total DNA preparation). The aqueous supernatant 
containing the nucleic acids was purified as normal by 
RN..o and prom..s treatments followed by high-speed 
centrifugation to yield the DNA. The DNA prepared by this 
method contained 25% .at.DNA in the seed and 17% in the 
fruit, with buoyant-densities of 1.6926 and 1.7064 g.cm 3 
in the seed and 1.6940 and 1.7082 	in the fruit for 
the mainband and sat.DNA respectively, and wae identical 
to that prepared by the normal detergent procedure (Table 8). 
Sequential extractions 
Seed and fruit material from another Honeydew melon were 
homogenized in detergent as in the normal DNA preparation 
procedure. The aqueous layer was removed after treatment 
with chloroform. DNA was precipitated from it by the 
addition of 2 vol.. ethanol. The chloroform layer and 
interface were is-extracted with more detergent and the 
above process repeated. DNA was quantitatively removed 
from seeds by 2 extractions and from fruit by 3. There 
were no significant changes in either eat.DNA percentage 
or buoyant-density in the sequential extractions. Fruit 
and seed DNAs, however, were markedly different with regard 
to density and sst.DNA percentage (Table 9). 
Table 9 
Distribution and buoyant-densities of mainband and satellite ONAa of 
sequential extractions from seed and fruit of a Honeydew melon. 
Sequential 	 Buoyant-density (Q.=7 7,  ) 
extraction Satellite 	1ainbend 	Satellite 
Melon 	No. 	Seed Fruit Seed Fruit Seed Fruit 
Honeydew f 	1 	2492 18.2 1.6923 1.6942 197057 1.7086 
2 23.9 18.0 1.6923 1.6941 1.7058 1.7086 
3 	- 	1908 	- 	196939 	- 	1.7085 
Fruit and seed material were homogenized 
in detergent medium. The aqueous layer 
was removed and treated with chloroform 
followed by nucleic acid precipitation 
by the addition of 2 vols. ethanol. 
The chloroform layer and interface were 
re-extracted with more detergent and 
the above process repeated. All the 
DNA was quantitatively removed from 
seeds by 2 extractions and from fruit 
by 3 extractions. 
FIGURE 18 
Effect of DNA size on the percentage satellite DNA. 
Total DNA was prepared from fruit and seeds of a melon. The 
average molecular weight of each preparation was determined 
by the spill-over method of Studier (1965), and than each was 
successively sheared, initially by forcing the solution through 
a syringe and finally by sonication. The size at each stags 
was measured, and the quantitative distribution of satellite DNA 
determined by Model £ c.ntrifugation* 	v 	v 	seed; 
v. y 	fruit. 
1 	 5 	 10 	 15 
Molecular Weight 00 6  daltons 
Consequently, it ceased that the differences between fruit 
and seed DNAe were not artefacts of differential extraction. 
(c) Size of DNA 
Differences in the amount and buoyant-density of est.DNA 
could possibly result from the DNA preparations of fruit and 
seed tissue having different molecular weights. DNA with as 
high a molecular weight as possible was, therefore, prepared 
from the seeds and fruit of a Honeydew scion and the percentage 
of sat. DNA in each determined. The DNA was then progressively 
sheared, initially by hand-shearing through a syringe, and then 
by eonication. At each stag., the average molecular weight 
and the percentage eat.DNA were determined (fig.18). Although 
the percentage satellite in both seed and fruit increased 
slightly as the molecular weight decreased, this increase was 
attributed to the lack of resolution of satellite and sairiband 
as DNA size dcreaaed. There was no tendency for the percentage 
of sat.DNA in the fruit to approach that of the seed. Thus, 
it was concluded that the difference between fruit and seed 
was not due to the size of the DNA. 
(ii) Variation in satellite DNA during development 
On the assumption that all scristemetic cells contained a high 
percentage of sat. DNA, the development of tissues such as fruit, 
leaves, and cotyledons should show a decrease in percentage and 
a change in buoyant-density of the sat.DNA during the change from 
maristemetic to mature tissue. 
(a) Fruit development 
It was not possible to study the development of melon fruits 
since growth conditions in the greenhouse were not 
favourable. However, one sample of Ogen melons at 
different stages of development were obtained from Israel 
and a preliminary analysis made. 
The percentage of eat.DNA in the fruit decreased with 
size (similar to ageing) from 22% in the smallest size 
fruit examined to 18% in the largest fruits. Furthermore, 
the density of the sat.DN* suggested an increase fror 
1.7084 to 1.7089 g.cm 3 (Table 10). 
Table 10 
Distribution and buoyant-dønsltiesof mainband and satellite DNAe 
during development of the Ogen melon, 
Melon Satellite DNA Buoyant-density (.cm 3 ) 
( 	 of total) Mainband Satellite 
Seed 	Fruit Seed Fruit Seed Fruit 
a 22.0 	22.5 1.6950 1.6951 1.7085 1.7084 
b 28.0 20.5 1.6949 1.6948 1.7083 1.7087 
c 26.3 	18.1 1.6947 1.6949 1.7081 1.7089 
d 27.7 19.0 1.6947 1.6953 1.7080 1.7089 
The melons a-d are in progressive 
order of increase in size (from 
68x38m. tol55xlj6em. in 
diameter) and, therefore, presumably 
in order of increasing age. 
In the seeds from the same melons, the percentage of 
sat.DfJA increased from 22% in the seeds of the smallest 
melon to 28% in the seeds of the largest melon, whilst 
the sat.DNA density decreased from 1.7085 to 197080 g.cin 3 
(Table 10). 
Thus, in the youngest melon, the density of seed and 
fruit eat.ONAe were very similar (1.7085 and 1.7084 g.cm 
respectively) and the percentage of eat.DNA was the same 
in both cases (22%), whereas in the older melons, there 
was a difference in buoyant-density (1.7080 and 1.7089 g.cm-. 3 
in seed and fruit respectively) and in the percentage of 
set.DNA (18 and 28% in fruit and seed respectively). 
More extensive studies were made on the development of 
cucumber fruits which were readily produced under greenhouse 
conditions. It was assumed that a reasonable measure of 
cucumber maturation was the volume, as this was an easily 
measured parameter. On account of the great range of 
cucumber volume, the logjo  cucumber volume (log.vol.) was 
used when the volume was measured in mn 3. 
In cucumber fruit (var. Kariha), the percentages of the 
2 8at.ONAS were constant at 25% and 16% (for the less-
dense and more-dense satellites respectively, fig.19d) 
when the log.vol. was between 2.0 and 4.1, i.e. for young 
fruits up to ca.120 mm. long. 	Throughout this range, the 
densities of the 2 eat.ONAs were also constant (1.7012 and 
1.7060 g.cm 3 , fig.19b 9 c). 	Older, mature fruits (log.vol. 
5.1 - 6.0, ca.250-260 mmo in length) showed a slight but 
significant (p<5%) decrease in percentage of each of the 
Si 
FIGURE 19 
Effect of saturation on the density of cucumber DNA and the 
percentage of satellite DNA. 
Cucumber volume was used as a parameter for measuring 
maturation, a, mainband density; b, density of satellite 2; 
c, density of satellite 1; d, satellite DNA an a percentage 
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FIGURE 20 
Changes in satellite DNA during growth of cotyledons. 
Melon seeds were germinated and the DNA was prepared from the 
cotyledons at various stages during development. Decrease 
in the percentage of satellite with time in cotyledons of , 
a, Spanish Winter melon h; b, Spanish Winter melon k. 	In 
a, b the dotted line shows a theoretical dilution curve 
whersas the solid une shows actual value.. Increase in the 
amount of DNA in melon cotyledons following germination ins 
c, Spanish Winter melon h; d, Spanish Winter melon k. In 
c, d • 	• total DNA, v 'v mainband DNA, 
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aat.DNA. (23% and 12%9 fig.19d) as well as a highly 
significant (p<0.1%) increase in the density of each 
satellite (1.7034 and 1.7084 g.cm 3, fig.19b,c). 	Unlike 
melon, the density of the mainband DNA did not significantly 
change with ageing but remained constant it 1.6940 g.cm 3 
(t'lg.198). 
Cotyledon development 
Following the germination of melon seeds, the percentage 
of sat.DNA in the cotyledons decreased continually with 
time (?ig.20a,b). 	For the first 10 day., the rate of 
increase in DNA per cotyledon pair was linear, but 
subsequently the rate decreased and tended towards zero 
(fig.20c 9 d). Both mainband and satellite DNAa increased 
at a linear rate for .-'12 - 15 days, and from this initial 
rate, the accumulation rate of aat.DNA (i.e, pge eat.DNA 
per day/pg. total DNA per day) represented 6.3% and 17.0% 
of the total DNA accumulation in Spanish Winter melons 
ii and k respectively. 	Sat.DNA, therefore, appeared to 
be accumulated at a constant percentage during cotyledon 
development, but this percentage differed markedly from 
that in the seed cotyledons. 
Leaf' development 
As in cotyledons, there was a distinct drop in the 
percentage of sat.DNA during the development of melon 
leaves. This was true of both the first and second 
leaves to appear after germination (f'ig.21a,b). 	In this 
case, the change in the percentage of eat.ONA could not be 
due to dilution of existing DNA but only to changes in the 
FIGURE 21 
Changes in satellite DNA during growth of leave.. 
Melon seeds ware germinated and the DNA was prepared from the 
first and second leaves to appear in Spanish Winter melon h. 
Decrease in the percentage of satellite DNA with time ins 
a, first lent; b, second leaf. Increase in the amount of 
DNA in melon leaves following germination: c, first leaf 
d, second leaf. 	• 	• 	total DNA, - o 	o sainband DNA, 
0 	p satellite DNA. 
pg DNA per leaf 	 - 	 % Sat. DNA 





relative rates of accumulation of satellite and mainband. 
The absolute amounts of the various DNAs present per leaf 
underwent a sigmoidal increase with time (fig.21c,d). 
Although the second leaf commenced growth later, both 
leaves showed a decrease in the sat. DNA percentage. The 
first leaf of a Spanish Winter melon showed a 21-fold 
increase in total DNA in an 8-day period (from 8 to 16 days 
after planting, fig.21c) o during which time the .at.DNA 
percentage fell from 25% to 20% on account of there having 
been only a 15-fold increase in sat.DNA in the leaf (fig.21a). 
Similarly, the second leaf showed an 11-fold increase in 
total DNA in a 16-day period (from 18 to 34 days after 
planting, fig.21d), during which time the sat.DNA percentage 
fell from 19% to 17% on account of there having been only 
a 9-fold increase in sat.DNA in the leaf (fig.21b). 
Results of 32P-orthoohosph.telabellj.no of melon seedlinos 
Although the accumulation of satellite and m.inband DNA was 
equivalent to synthesis if DNA was completely stable, the different 
proportions of ..t. DNA might have arisen not at the level of 
replication, but of turnover. Preliminary experiments on the 
synthesis of DNA suggested that turnover of sat. DNA might be 
important. 
13 - 14-day old Spanish Winter melon seedlings (melons h and k) 
were labelled for 24 hr. with 32P-orthaphosph.te by intake through 
the roots. Total DNA preparation from the leaves was followed 
by fractionation on preparative CsCl gradients. The percentage 
of newly-synthesized eat.DNA (counts) was 31.4% (k) and 33.7% (h) 
compared with 22.7% (k) and 20.9% (h) in the total leaf DNA (00 260) 
çc 
L1L& 
Rats of synthesis of satellite DNA in leaves of Spanish 
Winter melons. 
Spanish Winter salon seedlings were labelled with 32Puor'thophosphats 
by uptake through the roots. DNA prepared from the leaves of 
these seedling, was fractionated on a preparative CsC1 gradient. 
The gradient was pumped from the tubs and the optical density 
it 254ame was continuously recorded (continuous line). Each 
traction was counted on a filter in Toluene.-Butyl P50 scintillation 
fluid by a scintillation counter (histogram)* a, Spanish Winter 
melon hi 14-day old sesdlinge. 0.0. 21% satellite DNA; 
radioactivity 34% satellite DNA; b, Spanish Winter melon ki 
13-day old seedlings. O.D. 23% satellite DNA; radioactivity 
31% satellite DNA. 






£??sat of NaCl on satellite DNA distribution. 
Spanish Winter muon . fruit was hcogonized end a crude 
nuclear preparation s.de by centrifugation at 2, SOOxg for 
10 sin, at 0°C (a) and than resuspended in 2. SM NaCl for 
S sin, at room temperatures The insolubie material was 
recovered by centrifugation at 10 9000xg for 20 sin, at 00C 
and DNA prepared (b). DNA was prepared and than analysed 
by Model £ centrifugation, 
1•731 	 1694 
(fig.22). This Implied that the sat.DNA was leae stabIe than 
the m.inb.nd DNA and had a greater turnover rat.. 
5. Functions of Satellite DNA 
A. Chrosceoso structure and organization 
Certain properties of eat.ONA, such as the c.ntro.srLc 
location of souse eat.0NA, suggested that it sight be involved 
in chroeosø.s structure and organization of the nucleus. 
Such a rais would be consistent with the observation that 
suohreestin was more soluble in N@Cl than h.tsrochros.tin 
(?'.io and Schildkraut, 1969). It has also been reported that 
such salt treatment sight reveal eat. DNA components undetected 
in total DNA preparation (Huguat and 3ousnin, 1972). 
Expsrio.nts were designed to confirm the results of Huguet and 
3ousnin (1972) with plants containing sat.ONA. A crude nuclear 
fraction was obtained by centrifugation of a homogenate in 
Honda .sdita from fruit of a Spanish Winter melon (melon s) at 
2 9500 xg for 10 sin, at 0°C. DNA was prepared from half 
of the pellet by the normal detergent treatment for total DNA 
preparation. The other half was "suspended in 2.5N NC1 for 
5 sin* at room t..p.raturs. The insoluble material was 
recovered by centrifugation at 10,000 XQ for 20 sin, at 0°C 
and DNA prepared. The NaCl-Insoluble, fraction contained only 
26% of the DNA of the untreated pellet but the psrc.nt.ge  of 
the ..t.ON* was enriched from 25% to 37 in the NsCl-thsoluble 
pallet (fig.23). 
Nuclear material (Spanish Winter asian 5) was treated with 
various concentrations of NaCl and DNA was prepared from the 
FIGURE 24 
Effect of NaCl concentration on s.t.11.tt. DNA dietribution. 
Spanish Winter .slon • fruit was treated as described in 
fig. 23, .*cspt that the concentration of NC1 was varied 
fre. IN (b) to 2.5A (C) to 5A (d). The control preparation 
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Effect of NaCl treatment on DNA of Spanish Winter salon f. 
A crude nuclear preparation was sade from fruit of Spanish 
Winter melon f by centrifugation at 1, SOOxg. a, DNA prepared 
from the pellet from the 1,500XQ centrifugation* The pellet 
was rnusp.nd.d in 2. 5M MaCi for 20 sine at room temperature. 
The insolubie material was pll.t.d by centrifugation at 
10,000xg for 40 sin. at 0°C (b). The NaC1"soluble DNA 
material was recovered and analysed (a) and was essentially 
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insoluble material. The lad-insoluble fractions war, all 
enriched for aat.DNA, the 2.5Pt lad1 sample having the greatest 
enrichment (40%) as well as having a shoulder of density 
1.6978 	(fig.24). Consequently, 2.5M NaCI was regarded 
as being the optii.u. concentration. 
The crude nuclear pellet, which itself showed a slight 
increase in percentage of eat.DNA relative to the total-cellular 
DNA (Spanish Winter melon is total cellular DNA - 17% satellite, 
crude nuclear pellet 23% satellite), represented a recovery 
of only 2% of the total DNA. The 2.5N lad-insoluble fraction 
wee, in turn, only 38% of the crude nuclear materiel. 
Therefore, although the NCI-insoluble material contained 40% 
eat.DNA, this represented only 0.3% of the DNA from a total 
preparation, or 198% of the total aat.DNA. 
Experiments with another Spanish Winter melon fruit (melon ?) 
yielded, in the 20% of the nuclear material Insoluble in 2.5N 
NaCl in 20 sin., 59% of sst.D$A, a second peak of density 
1.6968 g.ca 3, and a shoulder of density 1.6922 g.ca: 3 Again, 
the percentage of sst.DNA in the 'nuclear' fraction (24%) was 
greater than the value from the total-cellular DNA preparation 
(18%). The NCI-soluble fraction contained the remaining 80% 
of the 'nuclear pellet' DNA which was essentially identical to 
the DNA from the crude-nuclear fraction (?ig.25). 
Since the absolute amount of eat.DNA present in the 
NaCi-insoluble preparations was so email, it was possible that 
the 'satellite DNA' percentage sight be an aztsfact caused by 
the enrichment of mitochondrial DNA (dsneity 1.706 9.cm3; 
DNA from a mitochondrial fraction. 
A crude nuclsar preparation was made from fruit of Spanish 
Winter melon f by centrifugation at 1 9 500xg. The .up.n.twt 
was centrifuged at 109000xg for 40 sin. DNA was prepared 
from the p.11et and analysed by ftdal £ eantzi?ugation. 
731 
Well, and Ingi., 1970). It should be noted that the 
Triton X-100 treatment, normally included in preparation, of 
nuclear material, was not used in the.. differential ..lt 
extractions. This hypoth..is was supported by the presence 
of DNA of density 1.697 g. c. 3 which was characteristic of 
the density of chloroplaet DNA (wells and Ingle, 1970). 
A fraction greatly enriched with plastids and mitochondria 
was obtained by centrifugation of the fruit homogenate at 
10,000 xg for 40 sin, after removal of the bulk of the nuclear 
material at 1 9 500 xg. The 10 9 300xg pellet contained DNAs 
of densities 1.6967 and 1.7062 g.cm 3 0  the denser DNA 
accounting for 33% of the DNA from the pellet W9.26). 
These densities were taken an the values of chloropla.t and 
mitoohondrial DNAo respectively and were seen to be identical 
to the "shoulder' and 'satellite' DNAs in the NaC1-insoluble 
fraction in figs.24 and 25. Microscopic analysis of the 
1,500 xg pellet from a Spanish Winter melon (melon j) showed 
that all the nuclei were ruptured and suggested that their DNA 
had been largely eolubilized by the NaCl solution within 
20 sin., whereas the unbroken sitochandria and plastids were 
unaffected and produced the post-NaC1 pellet from which the 
DNA was prepared. The density of the DNA in the NaCl-ineolubls 
fraction, 1.7065 g.ca 3, compared with 1.7068 g.cs 3 in the 
total-cellular DNA preparation, was taken to show the density 
difference between sitoohondrial and true nuclear satellite 
DNAs in this fruit. 
This conclusion was supported by further data from other 
melons and some marrow fruit. (Table ii). 












Distribution and buoyant-densities of satellite ONA 
from fruits of Cucurbitaceee. 

















b Total 	 1.7064 	 1606 
NaCi.-soluble 	 1.7064 13.8 
NaC1-insoluble 1.7054 	 24.9 
Total DNA was prepared as usual. The 
NaCl procedures were performed on a 
crude chromatin preparation obtained 
by homogenizing fruit material in ice-
cold Handa s.di%a, filtering through 
nylon gauze (pore-diameter 25p.) and 
centrifuging the filtrate at 1,500 xg 
for 10 sin. 2.5M NaCl was added to 
the pellet followed by centrifugation 
at IO,000xg for 10 sin. 	The 
supernatant was the NaC1-soluble traction 
and the pellet the N.Cl-insoluble fraction. 
LL27 
C?f.ot of Triton on crude nuclear preparations of molon fruit. 
A 10,000xg pellet was prepared as described in fig.26. DNA 
was prepared from part of this whilst the remainder was 
treated with Triton X.100 at room tasperaturs. The suspension 
was subsequently centrifuged and DNA extracted from both the 
supernatant (Triton-soluble fraction) end from the pallet 
(Triton-insoluble fraction). 
Total cellular DNA of Spanish Winter asian g. 
DNA prepared from the 10,000xg pallet. 
DNA prepared fro. the Triton-insoluble fraction. 
DNA prepared from the Triton-soluble fraction. 
141 
The Ned-insoluble fraction always showed enrichment by 
mitochondrial and plastid ONAe. The NaCl-.soluble fraction, 
howaver, was typical of a total-cellular DNA preparation. 
This was taken to show that nuclei were ruptured during 
preparation, that XaC1 solubilized the DNA from thsse nuclei, 
and that plastids and mitochondria were not ruptured during 
preparation and consequently did not have their DNA solubilized 
by NaCl. 
Addition of Triton X-100 to a suspension of the 1 9 500xg 
or 10 9000xg pellet should solubilize the mitochondria and 
plastide, so that only nuclear material would be recovered 
by centrifugation at 10,000xg for ID sin. The 10 9 000xg 
pellet from Spanish Winter salon (salon g) contained 41% DNA 
of density 1.707 g6cm 3 (mainly sitochondrial), but when this 
pellet was treated with Triton, the subsequent DNA preparation 
contained lass DNA of this density (22%) and was more typical 
of total-cellular DNA (15% satellite, density - 1.708 g.cm' 3). 
The Triton-supernatant fraction contained 47% of DNA of density 
1.7062 g.ca 3 from the ealubilized mitochondria (f ig.27). 
- The 1.7062 and 1.6967 g.cs. 3  peaks were consistently 
decreased in DNA prepared from Triton-treated pellets. 
However, in practice, it was rare that the degree of 
solubilization attained 100% - presumably owing to clumping 
of organslles in the pellet. Furthermore, even if 100% 
solubilization had been attained, the nuclear pellet DNA sight 
be expected to contain a higher percentage of aat.DNA, since 
in DNA from a total-cellular preparation, chloroplast DNA 
was masked by the mainband DNA and calculations to obtain the 
4 
rim-E-28- 
Effect of MaCi extraction on Triton-treated nuclear material. 
A crude nuclear preparation (1, 500xg pellet) was med. from 
fruit of Honeydew melon e. Half of the material was treated 
with Triton K-IOU and the Triton-Insoluble fraction obtained 
by centrifugation. Both the control and Tritontreated 
pellets war. resuspended in 2.5P NaCl pH6.0 for 20 sin, at 
room temperature. The NaC1-insoluble material was pell.ted 
by centrifugation at IO,000xg for 30 sin, at 0 °C and DNA was 
prepared from the psllsta. a, NsC1.ineolubie nuclear 
satarial which was not treated with Triton; b, N.Cl-insoluble 
fraction of the Triton-insoluble pellet. 
1•7064 
1731 
Effect of NC1 extraction on pnp.ratiofla of cucumber fruit. 
A crude nuclear preparation (1, 500xg pellet) was resuspended 
in 2*5M NaCl p118.4 for 20 .th. at room taepu.tur.. DNA was 
prepared from both the NaCt-soluble and inacluble fraction., 
separated by centrifugation it 10,000*g for 30 mm. at 0°C. 
Total cellular fruit DNA. 
NaC1-Lnsolubls fraction. 






sat. DNA percentage would obtain a value which was an 
underestimate of the true value. For example, following 
Tritors'treata.nt, the NC1-insoluble pallet of a Honeydew 
salon (melon .) showed only a moderate decrease in sat.DNA 
percentage (33% satellite) compared with the non-Triton-treated 
pellet (49% satellite) (fig.28). 
The enrichment of mitochondrial rather than satellite DNA 
by the salt treatment should be more obvious in tissues where 
the sat.DNA density differed significantly from that of the 
mithchoridrial DNA. Cucumber contained 2 eat.DNAe (1.702 and 
1.707 g. c 3). Treatment of crude nuclear fractions (1,500xg) 
with 295 NaCl, p116.4 for 20 sine resulted in an apparent 
relative increase in the denser eat.DNA (1.706 g.cm 3, 
mitochondrial or satellite 2) compared with the lighter 
satellite (1.702 g.cm 3 9  satellite 1). As there had been no 
Triton-treatment, this greatly supported the suggestion that 
the apparent enrichment of sst.DNA was caused by mitochondrial 
DNA, since in the event of true enrichment of satellite, one 
might have expected both sat.ONAs to have been enriched (fig.29). 
The sat.DNA in Sweet orange (çttrus amends) at 1.712 9.cm 3 
was quite distinct from .ttochondrial DNA. The crude nuclear* 
pellet (2 9 500xg) from leaves was treated with 2.5fl Ned, p116.0 
for 20 sin. DNA prepared from the NaC1-insoluble material 
contained 2 peaks onlys one at 196952 g.c. 3 - significantly 
different from that of nuclear mainband DNA (1.6941 g.cs) - 
which was probably chloroplaet DNA, and the other peak it 
1.7068 g.cm 3 - vastly different from that of the sat.DNA 
(1.7116 g.ca 3 ) - which was mitochondrial DNA (Wells and 
FIQJRE 30 
Effect of MaCi extraction on nuclear pr.psrations of orang. 
leaf. 
A crude nuclear preparation (29 500xQ pallet) eade free loaves 
of sweat orange was resuspended in 2,5M NaCl pH6 • 0 at roos 
t.epsratur. for 20 sin. DNA was prepared from both the 
MaCi- solubi. and insoluble fraction., separated by centrifugation 
at 10 9 000xg for 10 sin, at 0C. 
















Chzo.a.o.s. of Tr.d.ec.nti. viroiniana. 
Anth.rs were squashed in lacto-propiontc orcein 
and photographed. 
T.trspioid nucleus (24 chvo.o.n..$). 
PLATE 2 
mom 
Chro.osaass of T. viroinian.. 
Anthers were squashed in lacto...propionic orcsin 
and photographed. 
T.tzaploid nucleus + 3 B-chro.oeous.. 
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Ingle, 1970) (f ig.30b). The Ned-soluble fraction was 
similar in DNA composition to the total-cellular DNA (fig.30c). 
This was presumably because all the nuclei were ruptured 
during isolation, whereas a large number of mitochondria and 
chioroplasts were still intict. 
Consequently, crUde nuclear preparations from plant material 
contained very few intact nuclei. Treatment with salt did 
not appear to differentially solubilize the euchromatin with 
subsequent enrichment of hst.rochrosatin and .t. DNA. The 
buoyant-density situation was confused by the stability of 
cell org.nsl.l.a which were present in nuclear preparations 
which had not been treated by Triton X-1009 
Be Correlation of satellite DNA with the presence of B-chromosomes. 
The presence of sat.DNA in populations of the grasshopper 
-ftMglootottix maculatue was correlated with the presence of 
B-chromosome. (Gibson and Hewitt, 1970). Analyses were, 
therefore, m.de of plant specie. containing B-chromoeomes. 
Clones of Trad.scantia virginiamp containing either the 
normal tetraploid chromosome complement or tetraploid plus 
3 8-chromosomes, were obtained from the garden (Plates I and 2). 
These B-chromosomes were euchromstic. DNA prepared from these 
2 clones was identical in density (1.695 9.c 3) and there 
was no evidence of a sat.DNA in either case. Since the 
8-chromosomes in 10 vizoinispe were euchro.stic, analyses of 
rye (B-chromosomes partially heterochrom.tic) and Puechkini. 
(B-chromosomes highly haterochro.atic) DNAo were made but in 
neither case was there any sat.ONA. 
It was concluded that in the plant species examined, there 
FIGURE 31 
Density of rRNA gun.e in cucumber DNA. 
DNA prepared from cucumber var. Kaziha fruit was fractionated 
on a preparative CsCl gradient in the NSE lOxlO angle rotor 
at 389000 r.p.m., 25°C for 66 hr. The gradient was thin 
dripped from the tube and the optical density at 260n.. 
recorded for each fraction (continuous line) • The DNA in 
each fraction was alkaline denatured, neutralized, and fixed 
to a Millipore membrane (Gillespie at al g 1965). The 
membranes were incubated with 3H.rRNA in 6xSSC at 70°C for 
2 hro and then washed once with 6x$SC, 3 time with 2xSSC, 
Incubated with 10.cm 3 ribonuslems. at 250C for 15 win., 
dried, and counted (histogram). 







Density of rRNA g.n.s in marrow fruit. 
DMA prepared from marrow fruit was fractionated and 
hybridized with rRN* as d.scrid in ?ig.31. 
00250 (continuous line); aswit. (hi.toz.a). 
Optical Density 260nm 






Density of rRNA a.n. in orange 1..vs.. 
DNA prepared from the young leaves a? *wet orange we 
fractionated and hybridized with rRNA as described in ?L9.31 9  
•xc.pt that the gradient was pumped from the tube and the 
optical density at 254nmo continuously recorded. 










was no correlation between B-chromosomee and sat. DNA. 
C. Correlation of satellite DNA with rRNA gene. 
The higher hybridization with rRNA of s.t.DNA from 
preparative Cccl gradients (compared with mainband DNA) and 
the higher percentage hybridization in plants containing 
satellite led Matsuda and Siegel (1967) to propose that 
sat.DNA was the same as ribosomal DNA (rONA - DNA containing 
the g.n.s for ribosomal RNA). This conclusion would be 
consistent with the observation that s.t.DNA ranatured rapidly. 
Quti.r, Guill and Vedel (1968) proposed that the str.se-.at .DNA, 
also, represented a massive amplification of the rRNA genes. 
The relationship between sat.DNAs and rRNA genes was, therefore, 
studied. 
DNA was fractionated on a preparative CsC1 gradient. The 
DNA in each fraction was denatured and fixed to a filter, 
rRNA was then hybridized to the DNA on the filters. Since it 
had been shown that hybridization was not dependent on the 
source of the rRNA (Matsuda and Siegel, 1967) 9 3H-rRNA 
(Piol.cul.r weight 1.3x106 daltons) from artichoke was used. 
The rRNA hybridized to cucumber DNA with a peak at a density 
of 1.708 - 1.709 	- distinct from that of both of the 
satellites (1.701 and 1.706 g.ca 3, fig.31). The hybridization 
peak with marrow DNA was at 1.706 g.cm 3 compared with the 
e.t.DNA at 19705 g.ca 3 (fig.32). 	The density of the 
hybridization peak in Sweet orange (1.710 g.c 3) was slightly 
lees than that of the sat.DNA (1.712 Q.cm. 3 ) (fig.33). 
rRNA was hybridized to DNA prepared from melon seeds, both 
fresh and cold-stored (the latter containing a stress-sat.DNA). 
LIBLE 34 
Density of rRNA genes in Melon DNA. 
DNA prepared from Honeydew asian seeds was fractionated and 
hybridized with rRNA an described in fig. 33. a, DNA from 
fresh seed. b, DNA from seeds after 14 day. cold-storage. 
Continuous line (00)i Histogram (counts). 












The peak of hybridization was at 1.711 - 1.712 g.ci. in both 
cs.s, i.e dancer than the normal est.DNA (1.707 g.ca 3) but 
less-dense than the stress-sat.DNA (1.719 g.c.) (fig.34)0 
These data, together with the fact that rRNA had a peak or 
hybridization at densities of 1.706 - 1.711 g.ca 3 with DNA 
containing no sst.DtdA (Scott and Ing].e, 1973) indicated that 
neither nor..] eat.DHA nor stress-sat.DNA (bacteria] DNA) 
corresponded to the genes for rRNA. 
Table 12 
DNA content and percentage hybridization with rRIdA 
Plant 	
~ DNA 	DNA PQ./2C
, 
 No. of copies of 
hybridized nucleus 	rRNA aene/2C 
nucleus 
Wheat (Triticu. asetivu.) 0.092* 30 12 9 700 
eruealeu artichoke 
(Helianthus tub.ro.ue) 0.022* 22.5 1 9 580 
Swisechard (set. vulgaris) 0020 * 2.5 2 0 300 
Pea (Pious sativta) 0.17 • 1000 7,800 
Onion (Alliu. cape) 0009 • 3196 13 9 300 
Narrow var. Courgette 
(Cucurbit. p.po) 006 + 2.6 7 9 200 
Cucumber var. Improved 
Telegraph 
(Cucumis estivus) 008 + 1.8 6 9 600 
Cucumber var. Karihe 
(Djcumia estivus) 008 + 109 7 9 000 
Nolan var. 
Hero of Locking. 
(Cucumie ..lo) 008 + 2.0 1 9 700 
Orange (Citrus einensis) 0927 + 1.8 2 9 200 
* Ingle and Sinclair, Nature (1972) ILSO 30-32. 
+ Plant. containing . satellite DNA* 
For hybridization, 1.3x106 daltons 
molecular weight rANA was used. 
DNA prepared from the various plant 
species was hybridized with rRNA at 
3 or Sfr&g.cm 3 for 2 hr. in 6xSSC at 
700 C. The DNA of the nucleus was 
determined by comparative 
sp.ctzophota..try on the basis that 
p.. contained 10 x 10 290/2C nucleus. 
The percentage of DNA which hybridized to rRNA varied 
from plant to plant (Table 12). Those plants containing 
sat.DNA certainly tended to have a higher percentage 
hybridization than those without a sat.11its. The 
percentage hybridization was not, however, a direct measure 
of the number of copies of the rRNA gene, since this depended 
on the DNA content per nucisus. Frm the percentage 
hybridization and the amount of DNA per nucleus, it was 
possible to calculate the no* of grass of DNA complementary 
to rRNA, i.e. rONA. In the case of cucumber, this was 
0.0% of 109 x 10-12  go i... 105 x  10-114 	Avogadr'c's rule _go
stated that 1.3 x 10 6  9. (gram-molecular weight of the zRNA - 
gram-molecular weight of the IDNA) contained 6 x 10 moles. 
• 1.5 x 	contained 6 x 10 23  x 105 x 10- 14 
moles 
1.3 x i06 
- 7 , 000 moles, or copies of rRNA onne. 
The.e plants containing sat. DNA, and with a high percentage 
hybridization, did not necessarily contain a greater number of 
copies of the rRNA gene than did plants without a sat.DNA, 
e.go onion and wheat each contained 13,000 copies whereas 
melon contained only 2,000 (Ingle and Sinclair, 1972). 
From Table 12, with the exceptions of wheat, p.., onion 
and artichoke, all the other species contained approximately 
2pg.DNA/2C nucleus. These species all contained set.ONAs 
(except Swisschard) whereas those with higher amount. of 
DNA/2C nucleus had no sat.DNA. Swiasohard (2.5pg.DNA/2C nucleus) 
had no sat.DNA although containing only as much DNA as marrow. 
From thue result., it was postulated that only plants 
with a sell amount of DNA per nucleus had .at.DNAs, but not 
all plants with a small mount of DNA per nucleus contained 
s.t.11it.. 
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SECTION 4* DISCUSSION 
The investigation into the distribution of eat.DNAs among plant 
species (Table 2) shows that no .at.DNAe are present in any of the 
monocotyledon species examined. All these species contain large 
amounts of DNA per nucleus (Table 12). No dicotyledon species 
examined with more than 2-3pg. DNA per 2C nucleus is found to contain 
a est.DNA. It is postulated that a pr.-requisite for a nucleus to 
possess a sat.DNA is that it should contain no more than this amount 
of DNA. Amongst the dicotyledons, sat.DNAs are present in orders 
ranging from the most primitive to the most advanced (Takhtajw, 1969)9 
Furthermore, although one species in a genus sight contain a sat. DNA, 
It doss not necessarily follow that every species in that genus will 
have a satellit.. An alternative classification of plants based on 
amino-acid substitution in aytochru.s c was proposed by Boultsr, 
Rsashaw, Thompson, Richardson and Brown (1972). Although only a few 
species were examined, the phylogenetic tree proposed for these species 
correlat.s better with the distribution of sst.DNAs than doss T.khtajan's 
classification. The sore-highly evolved families at the top of the 
tree - Cucurbitacese, 	eae and Lsoiainosae - all contain 
sat.DNAs in at least some of their species, whereas the families lover 
down the tramp with the exception of the Solanac.ab do not contain 
sat.DNAs in any of the species examined. However, the fact that the 
2I1e2!!mi. do not fit into this pattern is not a serious discrepancy. 
It would be unwise to assume that sat.DNAs have arisen only once in 
evolution and that all species containing sat.DNAs have arisen after 
this event. Sutton and McCallum (1971) suggested that even in species 
as closely related as souse and guinea-pig, the 'ancestral sequence' 
of the sat.DNA sight be quite distinct. This suggests that sat.DNA 
w7 Q- 
appeared after these species diverged* 	It would, therefore, appear 
to be injudicious to suggest that all plants with a sat.ONR have 
arisen from the same initial specie.. Certainly, Takhtajan believes 
that the Geranialse (including the Unac...) have arisen directly from 
the Rutalea (including the Rutaceae). The investigations described 
herein show that those mb.r* of the Rutacsae containing a s.t.DNA 
(Citrus and F'ortun.11p genera) have a e.t.DNA of density 1.712 g.ca. , 
whereas the sole member of the Linac... investigated (i.e. flax) has 
a sat.DNA of density 1.689 	These two sat.DNAs are respectively 
the densest and the least-dense found. 	It is, indeed, difficult to 
envisage how these could have arisen from the same ancestral sequence. 
Experiments to indicate homology between sat.DNAs from different 
species, such as DNA/bNA reassociation or in situ hybridization with 
transcribed sst.DNA, were not undertaken, and so it is not possible 
to state how closely related are the sat.DNAs at the top of the 
phylogenetic tree of Boultsr at .1. Their densities range from 
1.702 - 19707 	- a fairly wide range, but this dose not 
necessarily mean that they could not have the same ancestral sequence. 
However, the Solanaceae, which also contain sat.DNAs in this density 
range, are well removed in the classification of Boultor at ale from 
the other sat.DNA.-containing families mentioned above. If his 
positioning of the Solanacsae is correct, therefore, it suggests that 
the Solanaoeae at least suet have individually developed sat.DWAe. 
If this procedure is possible in one family, then presumably it is 
possible in others. 
One factor that is evident from Table 2 is that only species 
which have been highly cultivated contain a large amount ( >10% or so) 
of sat.DNA. No other plants possess large amounts of s.t.DNA. 
Baridze (1972) noted that in the genus phassalmov the species that 
had a 'Wow World' origin contained about 30% of s.t.DIA, whereas 
thaie from the 'Old World' had 15% or I.es of sat.DNA. N. proposed 
that the age of cultivation of thaie various species sight be an 
Influencing factor. This does not appear to be so, since Puzs.glav. 
(1968) concluded that all these 6 species have been cultivated for at 
least 3 millennia, and some for as .any as 10 millennia* Furthermore, 
pea, which has been cultivated since the Greek era at least, does not 
contain a sat.DNA. There could, however, be some significance in 
B.ridz.'s theory, since Pureaglove stated that the Cucuzbitacaas and 
the Citrus and rortunsus genera in the Rutaceas have been cultivated 
for many millennia. The Solanaceas, however, appear to have been 
cultivated for less than 1,000 years and these have less sat.DNA than 
the Cucuçbitac.as, Rutacsae, or LaoueInoeae in general (Table 2), and 
the species, those of which contain a satDNA, have all been cultivated 
for much longer. Accepting that the history of cultivation may be 
changed in view of further archeological data, there does seas to be 
a correlation between the age of cultivation and the amount of eat.DNA. 
Wh.r.as there are ancient-cultivated species with no ..t.DNA, there 
doe, not appear to be any newly-cultivated species (such as 3kmuia 
Japonica in the Rtaceae) with vast amounts of .at.ONA, and certainly 
no uncultivated plant examined contains more than about 7% (e.g. Irvonia 
dioica in the cu?MJt3itsc,li). 
A possible modification of Woridze' s theory is to substitute 
'breeding0 for 'cultivation'. All the plants containing >10% 
satellite have been intensively bred for soma characteristic (usually 
fruit quality) • Artificial breeding can perform in a dicede whet 
would take a century or more of natural selection. Consequently, 
lU- 
N9• of cultivation' may not be the most valid criterion in considering 
plants such as =Ion but rather the 'intensity of breeding'. 
In the majority of plants examined which contain sat.DNA, the 
satellite buoyant-dsnaiti.e are greater than the .athband density 
(Table 2), and, of these, 54% have a sat.DNA of density - 1.705 - 
10707 960073  There do.s not appear to be any obvious reason for the 
high frequency of this type of satellite, especially as some species 
contain eat.0I* with densities as low as 1.689 g.ca or as high as 
1.712 g.ca 	Furthermore, some plant. contain 2 sat.DN** 9.9. 
cucumber (both denser than mainband) and Lobularia maritime (one 
denser and one less-dense than aainbsnd). The question arises as 
to why these plants need 2 sat.DNAe. Clearly, the answers to these 
questions cannot be given until the function of sat.DNA is known. 
Walker (1971) suggested that the eat.DNA might confer an advantage on 
the individual chromosome possessing it and that this advantage might 
lie in its exerting same effect on the pairing of chromosomes at 
meiosis or in the attachment of the chromosomes to the mitotic spindle. 
If this kind of reason is correct, then the sat.DNA could have an 
Important rle in DNA-protein binding. It is reasonable to suppose 
that there is an optimum composition for the protein which is associated 
with sat.DN* function, and consequently one might expect this composition 
to be the east-frequently occurringo This could explain the 
predominance in the species examined of the 1.705 - 1.707 90ca 3 
satellite in Table 2. However, it must be borne in mind that 
examination of a wider range of species might show no concentration 
at sat.DNA5 in this range. 
The intra-osilular distribution of sat.DNA has been investigated 
and it has been shown to be nuclear. This has been demonstrated 
directly, by isolating nuclei and extracting the DNA from them, and 
indirectly, by showing that the sat.DNA is not of sitochondrial, 
chloroplsat, or bacterial origin. 
The density of chloropla.t DNA, which appears to be constant 
in a rang, of plant specie. it 1.697 g.cm (well. and Ingle, 1970), 
is very different from the majority of sat. DNA.. Although plastid 
DNA is not confused with sat.DNA buoyant-density, it is material in 
concealing the true percentage of satellite in DNA from a total- 
cellular preparation, since plastid DNA is present within the sainband 
peak. Consequently, the percentage of eat.DNA is calculated relative 
to nuclear plus plastid DNAa and is an underestimation proportional 
to the plastid DNA percentage (1 - 5%). DNA prepared from a crude 
nuclear pellet which has been treated with Triton X-100 to solubilize 
plastids and witochondria gives a truer estimate of the sat.DNA 
percentage, and this in invariably greater than the estimate obtained 
from a total-cellular DNA preparation by a few percent. 
PLttochondrial DNA, constant it 1.706 g.ca 3 9 also differs in 
density from certain sat.DNAs e.g. Citrus and flax. In species 
where the .itcchondriel DNA and the .,t.DNA have approximately the 
same density, then the sat.DNA is present in amounts too large to 
be accounted for by mite thondrial DNA, which is present as less than 
1% of the total DNA. 
Bacterial contamination of the plant material was estimated and 
the amount of DNA that could be contributed by the bacteria calculated. 
In vigorously growing plants, the bacterial contamination is of the 
order of 1O0 - 1D 13g. DNA per gram of material, compared with 
10-6 go sat.DNA, i.e. IO - lo  time too small to be able to account 
for the sat,DNA being bacterial in origin. This is not, however, the 
case for plant material placed under conditions of physiological 
stress, which result in the production of a .tzess.sst.DNA (Pearson 
and Ingle, 1972). This was shown to be bacterial DNA and will be 
discussed later. 
The intranuolsar distribution of sat.DNAs in animals has shown 
that they are associated with nucleoli (Schildkuut and Msio, 1968) 
and constitutive h.terochromatin, in particular that in the csntro..re 
region of the chromosomes (Pisic and Schildkraut, 1969; 3ona., 1970; 
ons and Cameo, 1971). The experiments of ftio and Schildkrsut 
(1969) showed that theme was an enrichment of eat.DNA in the NaC1-
insoluble fraction of isolated mouse chromosomes, and Huguet and 
3ouanin (1972) reported a similar result when wheat nuclei were 
extracted with 295Pi Ned. The results described in this thesis of 
similar experiments to those of laigust and 3ou.nin show that the 
enrichment of "asteDNAO is, in fact, an enrichment of mitochondrial 
DNA. It is probable that tissue homogenization results in a nuclear 
pellet containing damaged nuclei but intact chloroplasts and 
mitochondria. Subsequent NaCl treatment solubilizee the bulk of the 
chromatin, preferentially leaving DNA present in intact organelles. 
The supernatant containing the solubilized nuclear material gives a 
DNA analysis on Model £ centrifugation which is identical to DNA from 
total-cellular or the initial nuclear material. The addition of 
Triton X-100 to the crude nuclear pellet before NaCl treatment should 
disrupt the chioroplast and .itochondrial membranes without any effect 
on nuclear m..bzenes. MaCi-digestion of the Triton-treated pellet 
should, therefore, yield a pellet of pure nuclear material. 
Experiments similar to those at Moio and Schildkraut (1969) using 
isolated chromosomes are not feasible using the plant specie. containing 
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aat.DNA. This is because the chromosomes in the plants with sat.DNAs, 
such as cucuber, melon, and orange, are far too small (-1pm). 
This unfortunate limitation also means that in situ hybridization 
cannot be employed to localism the sat.DNA in the chromosome., since 
the resolution of the silver grains on the autor.diagraph is of the 
same, order of magnitude as the size of the chromosomes. 
N.v.rth.1..s, the observation that in all species containing a 
sat. DNA, the amount of DNA per nucleus is small (.-.- 2pg./2C nucleus) 
and the fact that the chromosomes themselves are very email might well 
be significant. No plant with a reasonably large amount of DNA per 
2C nucleus or per chromosome has been found to contain a st.DNA. 
It could, therefore, be that the email size of the chromosome favours 
sat.DNA, or vice versa that eat.DNA gives a selective advantage to 
chromosomes of smell size. The possibility that the sat.DNA may be 
present as a fixed amount in all chromosomes (rather than a fixed 
percentage) and consequently only shows up in plants with small 
chromosomes appears to be ruled out by the observation that artichoke, 
containing 108 small chromosomes, contain, no sat.DNA. The 
restriction of sat.DNA to small genamas may account for the absence 
of satellite from sonocotyledons. All plant species examined have 
been shown to contain highly repetitious DNA (Britten and Kohne, 1967) 
similar in complexity to sat.DNA but not necessarily different in 
buoyant-density from the mainband (lees-repetitious) DNA* Unless the 
densities of the two DNA classes are distinct they do not, of course, 
segregate on a neutral CeC1 gradient. 
The reports on animal ast.DNAs being associated with constitutive 
hetsrochromatin (Ya.mineh and Vunis, 1970; Arrighi, lieu, Saunders and 
Saunders, 1970) and with heterochroaatic B-chromosomes in grasshoppers 
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(Gibson and Hewitt, 1970) instigated an investigation into the presence 
or absence of sat.DNAs in plant B-chioosoa... Trades centia viroiniaa 
contains no eat.DNA in plants either with or without 8-chro.oso.es  
(euchro.atic B-chromosomes) and neither do rye or Puschkinia 
(het.rochro.atjc 8-chrumo  some) . Nevertheless, it suet be born, in 
mind that the.e speci.s are monocotyledons, none of which contain 
sat.DNA in any of the species examined, and, furthermore, that all 
these species contain a large mount of DNA per 2C nucleus and that no 
such nucleus has ever been shown to contain a sat. DNA. 
In animals, human sainband DNA has been shown to be heterogeneous 
with regard to buoyant-density on a CaC1 gradient (Cornea, Bianeh.t, 
Ginelli and Pølli, 1966). The sat.DNAa in human tissues, however, 
are found to be homogeneous, always displaying the same density when 
different fractions of the peak are subsequently analysed (Cornea, 
Ginelli and Polli, 1968; 1970b; 1971b). 
Of the plants examined, marrow leaf DNA Is similar to the animal 
satellites in that the est.ONA is very homogeneous (19706 9.c. 3) 
when taken from fractions displaying original densities ranging from 
1.702 - 1.714 g.c. 3  (Table 3) whereas the mainband shows heterogeneity 
from 1.692 - 1.697 9. CO3 Thus in marrow, the met-DNA is very 
homogeneous and the sainband slightly heterogeneous, but nowhere near 
as heterogeneous as human eainband DNA which rang.. from 1,690 
10720 g.cm73 .(Cornea, Ginsll.t and Polli, 1970b). 
In cucumber (var* came) fruit and leaf DNA., the situation is 
more complex. The present work finds that the sainband DNA is very 
similar to the sainband DNA in marrow, showing components from 1.688 - 
1.694 g.ca 3  The sat.DNA re-runs to buoyant-densities close to the 
density of the fraction from which they are taken, rather than 
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re-running simply to the peak densities of the two satellites. No 
DNA re-rune to within the range 1.695 - 1.599 	Subsequent 
more detailed analysis of cucumber DNA showed greater homogeneity of 
the two satellite components (Ingle, Pearson and Sinclair, 1973). 
This difference may be explained by the different molecular weights 
of the DNA preparations. If the initial preparation had been more 
sheared, this could result in more apparent heterogeneity. The 
evidence therefore indicates that the sat.DNAe in cucumber and marrow 
are homogeneous, at least when of large molecular weight, whereas the 
sainband Is slightly heterogeneous. 
Perhaps the most striking property of animal sat.ONAs is the 
rapid rate at which the denatured, separated strands reassociate. 
Only collisions between complementary strands result in renaturation, 
and therefore the concentration of each aequence establishes the rats, 
and for fixed amounts of DNA, this concentration is determined by the 
number of different sequences present. The renaturation of .at.ONA 
from orange was studied. The increase in buoyant-density from 1.712 
- 1.722 g9cm 3 on denaturation indicates that the satellite is double-
stranded. Upon being subjected to renaturing conditions, the DNA is 
completely r.natursd within 5 sin, at a concentration of 3 	-3 p9.cme 
which shows the orange DNA to have a complexity of lees than 
4x106 daltons compared with a complexity of 140x106 dalton. for 14 DNA. 
This sequence is, therefore, reiterated about 5x10 4 times in the orange 
genoa.. These values are very similar to those obtained for melon 
sat.DNA (Ingle, Pearson and Sinclair, 1973) where there is a unit of 
2.5x106 daltans, reiterated about 1O5 times. These values indicate 
that the repeated sequence in these plant sat.DNAs is about IQOx shorter 
than the T4 phage genoae and about 1,000x shorter than the C. Coli genome. 
IN 
Mouse .at.DNA contains ca.1.5x10 6 copies of a sequence 2x105 daltons in 
length from rensturation data (Waring and Britten, 1966)9 However, the 
T. of renatured sat.DNA 1. 5°C lower than the T of native .at.DNA. 
The difference in T. is a measure of the degree of mismatching in the 
duplex, and in mouse this corresponds to about B%, presumably reflecting 
an average divergence of about 4% from the coon ancestor of the 
sequences. Using this data, Sutton and McCallum (1971) showed that 
the ancestral sequence complexity could be as ..eU as 8x10 4 dalton.. 
In melon and orange, there is lees than 1% mismatching, showing that 
there has been littie divergence from the ancestral sequence in the 
plant satellites* The plant eat.DNAs, therefore, appear to be rather 
more complex than mouse ..t.11it., and the ancestral sequence would 
appear to be about the ams@ as the present sequence -,- 2x10 6 daltons. 
Southern (1970) postulated, however, that the eat.ONA& in mouse and 
guinea-pig might have been reiterated from sequences as short as 
6 - 13 base-pairs long and that errors or mutations had occurred during 
this replication. Consequently, the apparent sequence length is now 
much greater than it originally was. To produce the guinea-pig 
x-sat.DNA by the ealtatory process would require IO copies of the 
basic sequence to be provided at one time More than 10   mutations 
would then be introduced by subsequent divergence. In this case, 
non-random frequencies of the mutations might be taken to indicate that 
selection had favoured some mutations over other.. An alternative 
mechanism for development of sat.DIIA would be to increase the sequence 
slowly by unequal crossing over. In this case, too, the distribution 
of mutations should be random in the absence of selection. 
If, however, copies of the sequence were produced by a 
multiplication process and the periods between multiplication step. 
wer. long enough to allow mutations to be introduced, the amount of 
any mutation in the final sequence would be determined by the point 
In the multiplication proc..s at which it occurred a a mutation 
occuring early, when there were only a few copies of the sequence, 
would be multiplied many time and be present at a higher frequency 
in the final sequence than mutations occurring late, which would be 
multiplied less frequently. It can be shown that the number of 
mutations in the sequence is compatible with accepted value, for the 
mutation rats and the age of the sat.DN*. Assuming that the mutation 
rats in the now for the .at.DNA as for the rest of the geno.., and 
Ignoring effects of selection, it is evident that a repeated 
sequence produced by saltation or by unequal crossing over will 
receive the same fraction of mutations as the rest of the DNA over 
the same period of ti... This would also be true for a repeated 
sequence produced by slow multiplication. The mutation rats has 
been calculated as around 4. 2X10' changes par base-pair per year. 
At this rate, ca.50x106 years would be needed to change 20% of the 
basso in eat.DNA (Southern, 1970) and 20% would have had to be altered 
to give the present sequence in guinea-pig c-eat.0NA from the 
proposed 6 bass-pair .equence. Conventional zoological data suggests 
that the divergence point of guinea-pig from the other rodents could 
have occurred as long ago as 50*106 year. (Simpson, 1959). 
However, as the plants show much less mismatching than the animals 
in their eat.DNAe, it sight be reasonable to assume that the plant 
sat.DNAs are phylogenetically younger than the animal sat.DNAs and 
that consequently they have not been replicated as many times, thereby 
lessening the number of opportunities for mutations to occur. If 
this were so, then it would mean that the plant sat.DNA5 had an 
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ancestral sequence about the some length an their present sequence - 
,2x1O6 dalton. - which in such greater than the proposed 6 - 13 b.... 
pair ancestral sequence in the animal. (io - 	dalton.). 
Although in situ hybridization .xp.riasnt@ with the .at.DNA-
containing plants have not been possible, it In possible to deduce 
that the repeated sequence, suet be clustered in, at least, 5 - 6 copies. 
This is indicated from .xpuiment* in which DNA was prepared as gently 
as possible, thereby maintaining as high a molecular weight an possible. 
The DNA was then sheared in consecutive steps, and at each stag., the 
molecular weight and the percentage of .at.DNA were determined. 
Decreasing the molecular weight from )10x106 daltons to ca.O.6x10 6 
daltons had no significant effect upon the percentage of eat.DNA, or 
upon the buoyant-density of the DNA. The length of the repeating unit 
in melon sat.ONA is about 2*106 dalton.. If such units occurred 
singly and were generally distributed throughout the ganoms, then, 
since the DNA separating repeated unite from each other would be of 
lower %GC (sainband DNA), fragments of satellite-containing DNA of 
size >2*106  daltons would have a lower buoyant-density than sat.DNA 
fragments of size <2*106  dalton., which would contain pure .at.DNA. 
Since neither the density nor the percentage of satellite do.. alter 
significantly with decreasing molecular weight, it can be concluded 
that DNA fragment, up to at least 10*106  daltone contain nothing but 
the satellite sequence* This show, that there suet be at least 5 - 6 
tandem copi.s of the sequence, and there are probably many more, as in 
animal .at.DIA. (Waring and Britten, 1966). 
It has been suggested (listeuda and Siegel, 1967) that the .at.DNA 
consist, of multiple copies of the rOIM. This 1s known to be the 
situation in X.nopu. laevia (Birnatiel, 19671 Brown and Dawid, 1968). 
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Matsuda and Siegel separated satellite from m.Jnbwd DNA fractionated 
on a preparative CC1 gradient and hybridized each with rRNA. They 
found that the percentage hybridization was such higher with the 
sat.DNA fraction than with the .ainbwd DNA fraction. In 
somatic tissues contain 0.3% rONA whereas oocyte. contain 30% of this 
DNA. 	The situation is similar in Dytiecid "ter beetles (Call, 
Macgregor and Kid.ton, 1969). In Dytiscue marninalia and Colymbstes 
fuscue a high density sat.DNA is found in somatic calls and in sperm. 
Hybridization experia.nts show that all the rDNA is located in this 
e.talhit., although quantitatively making up only a small fraction of 
the satellites In both species, the DNA isolated from ovariols tips 
is enriched with respect to the sat.DNA. A parallel enrichment of 
the rONA has been shown in ovariola tips of Colyabstas. It was 
proposed that in somatic calls and sp.r., the rONA is part of an 
extensive region of high density DNA in one or more chromosomes, but 
that in oogonia and oöcytse, the entire high density region is 
replicated sxtrachro.osoaally and appear. as Giardina'. body. 
The experiments described in this thesis show that the density 
of the rDNA may be similar, but not identical, to the density of the 
.at.DJIA. In other tissues examined, the s.t.DNA buoyant-density is 
very different from that of the rONA, this difference being particularly 
marked in flax (Ti4s and Ingle, 1973) with a sat.DNA at 1.689 g.c. 3 
and rONA at 1.709 g. 	Furthermore, in a whole range of species 
containing no .at.DNA, the density of rONA range. from 1.703 to 
1.712 g.cIIII. (Scott and  IngIe, 1973). The density of rONA in 
cucumber, melon and marrow is greater than the s.t.DNA buoyant-density, 
but in orange, the rONA Is slightly lose-dsnse than the sat.DNA. 
There is, therefore, no strict correlation in the plants examined 
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between the rONA and the sat.DUA, any similarity between their 
buoyant-densities probably being fortuitous. Furthermore, Matsuda 
and Siegel (1967) showed that of the plants they examined, the 
percentage hybridization with rRNA was greater in those species 
containing a eat.DNA. The present work, together with that of Ingle 
and Sinclair (1972) shows that this is not necessarily so. Orange 
and melon DNA., containing a sat.DNA, are very similar to the 0.2% 
hybridization of swisschard DNA, which dose not have a satellite 
(Table 12). It is more valid to consider the number of copies of 
the rONA sequence per telopha.e nucleus than to consider the 
percentage hybridization. Melon and orange, both with approximately 
20% of eat.DNA, contain roughly the seas number of copies of the rDNA 
sequence per tslophase nucleus as swisschard. Cucumber and marrow, 
however, contain more copies, but not as many as the monocotyledons 
wheat and onion which contain no sat. ONAs. In fact, the highest 
percentage hybridization is not correlated with the largest number 
of gene.. The largest number of genes is found in the low percentage 
hybridization species. The higher percentage hybridization in 
satellite-containing plants is probably a result of the small genomes 
of these plants. 
Differential replication of DNA has been indicated during the 
development of a range of eucaryotic somatic tissues by a variety of 
experimental techniques. Non-doubling of the DNA during the 
development of polyploid cells was shown in locusts (Fox, 1970) and 
testis wall in beetles (Fox, 1971). In the latter case, it was shown 
that the h.terochr3aatinteuchro.atin ratio in the polyploid cells 
differs from the ratio in the diploid cells. The differential 
replication of h.terochra.atin has also been described in cultured 
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orchid protocorm. (Nagi, 1972), which contain two populations of 
nuclei, one the result of regular endapolyploidy and the other 
containing a such larger content of h.t.rochro.atin. Lorick (1970) 
demonstrated that cells in the testis sheath of mealy bugs, containing 
one set of 5 h.terochromatic and one set of 5 suchromatic chromosomes, 
undergo endomitosis resulting in a polyploid number of ouchromatic 
chromosomes but only the haploid set of I*t.rochro.stic chromosome., 
owing to the lack of replication of this latter material. Polytsna 
chromosomes in the salivary glands of Drosophila have been shown to 
fall below multiples of the doubling DNA sari.s owing to reduction in 
the amount of chromoc.ntric heterochrosatin (Rudkin, 1965) 9 whereas 
polytene chromosomes in the suspensor cells of Phasoolus indicate 
regular DNA doubling up to 8192C (Brady, 1973). Drosophila nuclei 
from polytsne cells contain only 5% of the fast-renaturing, repetitious 
DNA, whilst the non-polyt.ne cells contain 20% of this DNA (Dickson, 
Boyd and Laird, 1971). This heterochraaatic, repetitious DNA i., at 
least in part, analogous to sat.DNA since eat. DNA is greatly under-
represented in polyt.ne chromosomes (Gall, Cohen and Polan, 1971). 
However, repetitious or sat.DNAs are not uniformly under-replicated 
during palyt.niz.tion since Drosophila virus DNA shows normal 
replication of one sat.DNA fraction whilst two other satellite 
components are under-replicated (Blumenfeld and Forrest, 1972). 
Hennig (1972) showed differential DNA replication during polyteniration 
in Drosophila hyd.t, and during this development, rONA is under-
replicated, there being only 40 copies of the rRNA gene compared with 
280 per haploid genoae in a diploid cell (H.nnig and Near, 1971). 
Blumenfeld and Forrest (1972) showed that the percentage of 
ut.DNA varies during the development of D. vizilib dropping from 
40% in the embryo to 28% in the adult fly. It is not clear whether 
this variation is due simply to the proportion of under-replicated 
polytene cells present in the various stages, or whether differential 
replication in other polyploid cell, contribute, towards the total 
change. 
In a large number of individual melon plants, the percentage of 
eat.DNA varies with the plant tissue (Table 7). 	It is clearly seen 
that the seeds and the roots contain the highest percentages of 
sat.DNA, whereas the hypocotyle and flowers contain less, and the 
fruit, mature leaves and mature cotyledons contain least of all. 
Furthermore, as shown in Table 8 9 the densities of the 2 components 
of the seed DNA (mainband and satellite) are both less than the 
densities for the 2 corresponding components of the fruit DNA. 
In cucumber, there is certainly a difference in density between 
the eat,DNAe of the fruit and the seed, although the mainband DNA 
density appears to be the same. Furthermore, as the fruit matures, 
so the percentages of the 2 sat.DNAa decrease and the densities of 
the fruit eat.DNAs increase (fig.19). 
The result of one experiment on developing melon fruits and seeds 
suggests that, in the very young fruits and seeds, the percentage of 
sst.DNA is identical, as are the densities of the aainband and 
satellite DNA.. In the older fruits and seeds, however, the 
percentage of eat.DNA in the fruit decreases whereas in the seeds it 
increases. Furthermore, the densities of the mainband and satellite 
DNAe decrease in the seeds and increase in the fruit.. These value., 
then, show that the DNA in the very young fruits and seeds is 
identical, whereas in older fruits, the values diverge to give the 
typical difference between melon fruit and seed (Table 10). 
It was possible that the differences in percentage sat.11ite in 
fruit and seed DNA might be artefacts introduced by preferential DNA 
extraction. In order to test this hypothesis, different DNA 
extraction methods were used and the 0*1. compared. The usual 
method of extraction (homogenization in Kirby medium) was compared 
with a method involving homogenization in SSC,/SDS followed by a 
pronass digestion* The results of the two methods are identical in 
showing that melon seed contains a higher percentage of sat.DNA than 
melon fruit (Table 8). In addition, repeated extractions using 
Kirby medium were employed in an attempt to extract all the DNA from 
samples of seed and fruit. This appeared to be successful in that 
the 3rd extraction from seeft and the 4th •atraction from fruit 
contained no DNA. All the fruit extractions contained about 18% 
at.DNA, and both the seed extractions contained about 24% *t.tPI* 
(Table 9). Thus, it appears that the method does not preferentially 
extract sst.DNA and that the difference, between seed and fruit DNA* 
are real. The difference in percentage satellite is not due to the 
sizs of the DNA analysed or to the organization of ..t.11ite 
sequences within the genome, since the percentage satellite is 
essentially constant with decrease in the size of the DNA fragment. 
Sat.DNAe in these plant., therefore, are in a state of flux 
during differentiation. Both densities and eat.DPJA percentages 
alter. The variation in the amount of sat.DNA is readily explained 
in term, of $ differential replication of satellite relative to 
mainband. The change in buoyant-density suggests either that the 
satellite sequence changes during differentiation, or that the 
satellite in composed of a range of different sequenm which 
themselves undergo preferential replication. The latter explanation 
is more likely and 1s supported by the observation that salon 
satellite doss contain at least 2 components (Ingle, Pearson and 
Sinclair, 1973) and also by the fact that the density of the sainband 
changes. The change in mainband density suggests that massive 
differential replication must occur. Alternatively, it is possible 
that the young fruits and seeds contain a certain percentage of the 
cytosine bases present as 5-methyl-cytosine and as the fruits 
develop and the DNA is replicated, the degree of methylation is 
reduced. This would give rise to an increase in the buoyant-density 
of the DNA, since 5-methyl-cytosine is a larger molecule than cytosine 
and consequently displaces more CsC1 9 with the result that it exhibits 
• lower buoyant-density than unsathylated cytosine. 
In cucumbers and scions, it has been shown that whereas the roots 
contain 2C and 4C nuclei, the fruit cells exhibit varying levels of 
ploidy up to 64C (Pearson, Timis and Ingle, 1974)9 Furthermore, 
there are in both fruits many ploidy values which do not fit into a 
doubling DNA series. It has also been shown that in the fruits of 
cucumber, there are 2 populations of cells - a minor proportion with 
a large amount of heterochromatic material, and the majority with 
very little. No quantitative results were obtained for the amount 
of heterochroaatin in melon 2C and polyploid nuclei owing to its 
diffuse nature, but subjective analysis suggests that there is lees 
h.tarochroastin in the polyploid nuclei. There is, therefore, a 
correlation between reduced sat. DNA and less hst.rochrosatin in fruit 
tissue. The correlation in cucumber is, however, not quantitative, 
since a 7% decrease in eat.DNA between seed and fruit is associated 
with a 20% decrease in heteroahra.atin. This decrease in percentage 
satellite in the polyploid fruit nuclei In consistent with the proposal 
that sat.ONA might play some r61s in call division. 
Cucumber fruits contain some nuclei with much ht.rochro.atin 
and some with very littis, One might expect the nuclei with a lot 
of h.t.rochrosstin to contain correspondingly more .at.DNA than those 
with very little. However, DNA extracted from fruit only reflects 
the balance between the two cia...s of cells. The fact that the 
percentage satsilite decrease* as the fruit matures suggests that the 
proportion of cells with high h.t.roohroaatin content decreases with 
development, but no data are available on this point. 
In melon at least, the fruits and seeds are not the only tissues 
that show .at.DNA changes during development. The percentage sat.DNA 
In cotyledons decrees" during germination, although the buoyant-
densities of the mainband and satellite DNA* remain constant. 
Likewise, developing leaves exhibit a similar decrease in percentage 
e.t.ONA. The absolute amount of DNA in the cotyledons (initially 
equal to the amount of DNA in the seed) incress.s linearly for a while 
and then the rats decreases until there is no further increment with 
time (f ig.20). From the initially linear section of this plot, the 
p.rcsntage rate of accumulation of sst.DNA can be calculated, which 
for Spanish Winter melon (k) is 17%. Consequently, although the 
percentage .at.DNA in the seed Is 36% for this melon, given the above 
percentage rats for sat.DNA accumulation, and given an infinite length 
of ties, the cotyl.dons would contain 17% of sat.DNA. The results 
confirm that after 12 days, the percentage has dropped to 19L in s 
curve which corresponds well with the predicted curve assuming this 
percentage rats of .at.DNA accumulation. The decree.e in percentage 
.at.DNA in cotyledons In not, therefore, due to changes in the 
differential rates of .ynthe.is of satellite and mainband. 
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In the leaves, the situation is basically the sea., although in 
this case the amount of DNA per 1..f is initially zero. Results for 
Spanish Winter melon (h) leaves (fig.21) show that it 8 days after 
germination, the first leaf contains 25% of sat.DNA and that the 
percentage decrees.s with time to 16% in the next 26 days* The 
change in percentage .at.DNA in 1..f must be due to differential 
synthesis or accumulation rats. of ..t.].lite and sainbarid DNA.. 
Measurement of the amount. of DNA per leaf can, of course, only supply 
information on the rats of percentage s.t.DNA accumulation, not on the 
rate of synthesis. This was determined by labelling seedlings through 
the root. with 32P-orthophosphat. for 24 hr. A preliminary experiment 
was performed in d :plicate melon, to measure the percentage rate of 
sat.DNA synthesis in leaves 14 days after germination. From the 
2 preparations, the mean percentage sat.DNA in the first leaf was 22%9 
whereas the radio-activity profile indicated 34% of the satellite 
component. Thus, the newly-synthesized DNA contained much more 
sat.DNA then did the total DNA. Therefore, although the leaves were 
accumulating aet.DNA at the rate of ca. 16%,  they were synthesizing it 
at the rats of 32%.  This suggests that the sat.DNA is lees stable 
than the .ainband DNA and has a much greater rate of turnover. 
Consequently, preexisting sat.DNA is constantly being replaced, 
whilst the leaf is Increasing in its total DNA content but decreasing 
in its percentage of sat. DNA. It would be interesting to speculate 
as to whether this rapid turnover of .at.DNA exists in other plant 
tissues, e.go the fruit, where the percentage of sat. DNA also decreases 
with time. 
Very dramatic changes in the percentage of sat.DNA during plant 
development have been reported by Guill, "tier and Huguet (1968) 
and Qutiu. Guille and V.d.l (1968). They observed that wider 
conditions of physiological stress, plant material developed a new 
dense .at.DNA termed the stress-sat.DNA. This satellite appeared 
when melon seeds were stored for 15 days at 4 °C, or when tomato or 
cucumber se.dlings were grown in the dark on distilled water for 
21 days. A variation on this latter procedure was to decapitate 
or wound the seedlings, and this caused an increase in the rate of 
stress-sat. DNA synthesis. 
This DNA was considered to be nuclear in origin since it was 
recovered in the pallet fraction of a nuclear preparation after 
treatment with Triton X..100. The Nodal £ scan showed new .at.DNA 
as a narrow and symmetrical peak of density 1.722 g.cm 3 with a 
molecular weight of at least 9x10 6 daltoni which was resistant to 
RNase but digested by ON.... Hybridization of the stress-.at.DNA 
with 25S rRNA indicated that there was lOOx more hybridization than 
with the sainband DNA. Upon denaturation, the density increased 
by 7 	 It was proposed that this email density increase 
upon denaturation might be because the DNA was undergoing transcription. 
The present work (Pearson and Ingle, 1972) shows that cold storage 
of Cucurbitaceas seeds doe, produce a stress-sat.DNA similar to that 
described, but also that this DNA L. bacterial in origin, resulting 
from massive bacterial contamination. Fur thereon., the email increase 
in density observed upon denaturation is quite normal for DNA of this 
buoyant-density, since P1. lyeod.ikticue DNA of native buoyant-density 
1.731 g.cm increases to 19737 
•3  on denaturation* Hybridization 
studies with melon DNA and nRNA show that the density of the rONA 
(10711 g.cm 3) is between the values of the densities of the normal 
satellite (1.706 g.c. 3) and the stress-satellite (1.718 g.cm. DNA. 
(fig.34). It is possible, therefore, that the .tress-sat.11its 
fraction collected by Qutier it .1. (i68) contained the normal rONA. 
The stress-sat.DNA observed during the growth of se.dlings in 
the dark sight also be bacterial. Certainly in the present work, 
only a small trace of stress-set.DNA was found in tomato seedlings so 
grci and none at all in the cucumber seedlings. It is quite possible 
that these seedlings were more sterile than those of Qutier at al. 
(1968) and so consequently did not contain sufficient bacteria for 
their DNA to be detectable in a total-cellular DNA extraction. 
The eat.DNA arising as a result of the wounding of seedlings 
may similarly be explained in tar.e of bacterial contamination. 
Certainly, the resistance to infection of a wounded plant would be 
much 1..e than that of a healthy, actively-growing plant and one might, 
therefore, expect to be able to detect bacterial DNA in total-cellular 
extractions from damaged plants but not from their healthy counterparts. 
In conclusion, sat.DNA is present in many plant species, where 
it differs in buoyant-density from the rest of the genome. It 
appears to undergo differential replication during various stages of 
plant development. There is ,0, indication that, compared with 
ainbsnd DNA, it has a high rate of turnover. Since plant material 
is not usually sterile, precautions and checks must be taken to ensure 
that all DNA components present are of true plant origin. 
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The stress-satellite DNA which is produced in seeds of Cucurbitaceae in re-
sponse to cold storage is bacterial in origin. The appearance of this stress-satellite 
cannot therefore be taken as evidence for the amplification of the ribosomal-RNA 
genes under this condition of physiological stress. 
Certain plants contain a nuclear satellite DNA, which differs from the normal 
nuclear DNA in its buoyant density in a CsCI gradient (Matsuda et al., 1967). Such 
satellite DNA's are normally denser than the mainband, for example in Cucurbita 
pepo the satellite is 1.706 g.cm 3 compared with the mainband of 1.696 g.cm 3 . 
The satellite DNA has, therefore, a higher guanine plus cytosine (G+C) content 
(Sueoka et al., 1959) than the mainband DNA and, from the rate of renaturation, 
it appears to be considerably less complex than the bulk of the DNA (Matsuda et 
al., 1967). It has also been suggested, from hybridisation experiments, that this 
satellite DNA contains the genes for the ribosomal RNA (rRNA) (Matsuda et al., 
1967). 
More recently, an additional satellite has been described, with a much higher 
buoyant density of 1.722 g.cm 3 . This satellite DNA appears when plant tissues 
are exposed to certain physiological conditions of stress, such as growing seedlings 
on water in the dark for long periods, wounding dark-grown seedlings by bruising, 
slitting or decapitation, or storing seeds for many days at 4 ° C (Que'tier et al., 1968; 
Guille' et al., 1968). The similarity of the type of growth resulting from such 
conditions to that stimulated by hormones, such as auxin and gibberellic acid, led 
to the suggestion that hormones may bedirectly involved with the appearance of 
this DNA. Hybridisation experiments indicated that this satellite DNA contained 
rRNA genes. Consequently the change in the amount of this DNA, from nothing in 
the young seedling or fresh seed to a large percentage of the total DNA in the 
dark-grown seedling or cold-stored seed, suggested a massive amplification of rRNA 
genes under these conditions of stress (Que'tier et al., 1968: GuilI' et al., 1968). 
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Since it had been concluded that there was no gross change in the number of copies 
of the rRNA gene during several phases of normal plant development (Ingle et al... 
1971), it was of great interest to determine the origin of this stress-satellite DNA 
(designated as such to distinguish this very dense satellite (1.722 g.cm -3 ) from the 
normal nuclear satellite (1.706 g.cm 3 ), which appears to remain constant under 
stress conditions). 
MATERIALS AND METHODS 
Seedlings of tomato (Lycopersicon esculentum var. Ailsa Craig) and cucumber 
(Cucumis sativus var. improved Telegraph) were grown in vermiculite moistened 
with water, in the dark at 22.5 ° C. Melon (Cucumis melo), cucumber (Cucumis 
sativus) and marrow fruits (Cucurbfta pepo) were obtained commercially or grown 
in the greenhouse. The seeds were removed from the fruit, washed and stored in 
aluminium foil packets at 0-4 ° C. Total DNA was prepared by homogenisation of 
the tissue in a detergent medium, followed by chloroform and phenol deproteinisa-
tion, ethanol precipitation and purification of the crude DNA preparation by 
ribonuclease and pronase digestion. The DNA was pelleted by centrifugation 
(100,000g for 16 hr) and analysed by CsCl equilibrium centrifugation in the Model 
E analytical centrifuge (Wells et al.. 1970). Bacterial contamination of the plant 
material was determined by plating out samples of the tissue homogenised in water. 
The plates (nutrient agar 28 g/l) were scored for viable colonies after 2 or 3 days 
growth at 25'C. 
RESULTS AND DISCUSSION 
In preliminary experiments designed to confirm the observations of Qu'tier et 
al. (1968), tomato and cucumber seedlings were germinated in the dark for 20 days, 
and seeds from two melons were cold stored for 15 days. Analysis of DNA prepared 
from the hypocotyl tissue of 7 and 20 day old cucumber seedlings showed only the 
normal nuclear DNA components, the mainband at 1.693 and the double satellite 
peaks at 1.702 and 1.707 gcm . After 14 days growth the tomato hypocotyl 
contained a trace of the stress-satellite DNA, 1.720 g.cm , in addition to the 
normal mainband (1.694g.cm 3 ) and satellite (1.705 g.cm 3 ) DNA's. The cold-
stored melon seeds, however, contained large amounts of the stress-satellite DNA's 
which were not present in the fresh seeds (fig. la). Honeydew melon seeds con-
tained one stress-satellite DNA at 1.7 18 g.cm 3 , in addition to the normal compo-
nents at 1.693 and 1.707 g.cm 3  (fig. I h) whereas the Hero of Lockinge seeds 
contained stress-satellites at 1.698, 1.7 15. 1.719 and 1.726 g.cm 3  (fig. 1 c). Fur-
ther experiments were therefore directed towards the appearance of these stress-
satellites during the cold storage of melon and other ('ucurbitaceae seeds. 
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Fig.1. Microdensitometer tracings of ultraviolet photographs of melon seed DNA's. The DNA 
samples (2 to 3 Mg)  were adjusted to a density of 1.720 g.cm 3 with CsCI and centrifuged at 
44,000 rpm for 20 hr at 25 ° C. The marker DNA from Micrococcus lysodeikticus has a density 
of 1.731 g.cm 3 . (a) DNA from fresh seed of Honeydew melon. Mainband and satellite at 
1.693 and 1.707 g.cm 3 , respectively. (b) DNA from 15-day cold-stored seed of Honeydew 
melon. Mainband and satellite at 1.693 and 1.707 g.cm 3 , respectively, with stress-satellite at 
1.718 g.cm 3 . (c) DNA from 15-day cold-stored seed of Hero of Lockinge melon. Mainband 
and satellite at 1.693 and 1.707 g.cm 3 , respectively, with stress-satellites at 1.698, 1.715, 
1.719 and 1.726 g.cm 3 . 
Several properties of the stress-satellite DNA prepared from stored seeds of 
Honeydew melon were determined. All of the components in the CsC1 gradient 




Stress-induced satellite DNA 
Fraction 
Fig.2. Density of rRNA genes in melon DNA. DNA prepared from Honeydew melon seeds was 
fractioned on a preparative CsCI gradient in the MSE lox 10 angle rotor at 38,000 rpm, 25 ° C 
for 66 hr. The gradient was pumped from the tube and the optical density at 254 nm was 
continuously recorded. The DNA in each fraction was alkaline denatured, neutralized, and 
fixed to a mihipore membrane (Gillespie et al.. 1965). The membranes were incubated with 
P-rRNA in 6x SSC at 70° C for 2 hr and then washed once with 6x SSC. 3 times with 2x SSC, 
incubated with 10 Mg/nil ribonuclease at 25 ° C for 15 min, dried and counted. (a) DNA prepared 
from fresh seeds; (b) DNA prepared from seeds after 14 days cold-storage. 
Schlieren optics showed no evidence of polysaccharide contamination of the DNA 
peaks (Edelman et al., 1967). The stress-satellite DNA, isolated from preparative 
CsCI gradients, showed normal thermal melting with a Tm  corresponding to 60% 
pg DNA 
per S 
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Fig.3. Appearance of stress-satellite DNA during cold storage. Seeds of a Musk melon were 
stored at 0-4 ° C. The total DNA content of the seed was calculated from the purified DNA 
preparation. The amounts of the individual DNA components were determined from the 
Model E fractionations. ._. Total DNA; —n--n— stress-satellite DNA (1.711 g.cm 3 ); 
—A—A mainband DNA (1.693 g.cm 3 ); —v—v normal-satellite DNA (1.707 g.cm 3 ). 
(G+C). On denaturation the density of the DNA increased by 0.008 g.cm 3 . It was 
suggested by Quétier et al. (1968) that this small increase in buoyant density on 
denaturation may be the result of the DNA being in process of transcription, but it 
is probably due to the high (G+C) content of the DNA;Micrococcus lysodeikticus 
DNA increases from 1.731 to only 1.737 g.cm on denaturation. The stress-satel-
lite DNA showed 50% renaturation after approximately 150 mm, compared to 
90 min and 1 min for 50% renaturation of Escherichia coli and melon satellite 
(1.707 g.cm 3 ) DNA's, respectively, under identical conditions. The fractions of 
DNA from a preparative CsCl gradient were hybridised with rRNA to locate the 
position of the rRNA genes on the gradient (fmg.2) (Ingle et al., 1970). The density 
of the genes (1.711-1.712 g.cm 3 ) was not directly correlated with either the 
normal satellite DNA (1.707 g.cm 3 ) or with the stress-induced satellite at 
1.719 g.cm 3 . 
These results confirmed that the stress-satellite was indeed DNA, but its com-
plexity, 150-fold greater than the normal satellite, suggested that it was not largely 
composed of reiterated rRNA genes, a conclusion supported by the localisation of 
these genes at a density of 1 .711 g.cm on the gradient. 
The appearance of the stress-satellite DNA was quantitated during the cold 
storage of seeds from a musk melon (fig.3). The total DNA content of the seed was 
calculated from the purified DNA preparation, and the individual amounts of the 
mairtband, satellite and stress-satellite DNA's determined from the Model E frac-
tions. The amount of the mainband and normal satellite DNA's remained constant 
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at 1.8 and 0.7 Mg per seed, respectively, throughout the experiment, while the 
amount of the stress-satellite DNA increased to just over 2 j.zg per seed during the 
first 5 days, thereby almost doubling the DNA content of the seed. These results 
indicated that the stress-satellite arose by new synthesis of DNA rather than by 
conversion of existing nuclear DNA. Such time course experiments were repeated 
with seeds from a variety of melons, and from cucumber and marrow seeds. The 
results, summarised in table 1, showed that the density of the stress-satellite varied 
between different species and different varieties of the same species, and also varied 
to a limited extent within a given variety. The timing of appearance and the amount 
of the stress-satellite also varied considerably, and in certain cases, with one Honey-
dew melon, one Ogen melon and one marrow, no stress-satellite was produced 
(table 1). It was also shown that no stress-satellite was produced when the seeds 
were stored in the cold within the melon fruit, in toto, and further there was no 
change in the DNA fractionation when the seeds were removed from the fruit but 
maintained in the mucilaginous placental material for the cold storage period. 
Table 1 
The buoyant-densities of the stress-satellite DNA's produced during cold storage of seeds. 
Seed* Buoyant-densities of stress-satellite DNA'st 
(g. ern 	 3 ) 
Melon 
Hero of Lockinge 1.698, 1.716, 1.719, 	1.726 
Honeydew a 1.718 
b 1.713, 1.718 
c 1.718 
d 	None 
Spanish Winter a 1.717 
b 1.718 
c 1.718 




Kariba a 1.711, 1.719 
b 1.718 
Marrow 
Courgette a 	1.695, 1.714, 1.720 
b None 
* Melons a, b, c, d, etc., indicate seeds from 4 different fruits. 
t The major components are underlined. 
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Fig.4. Localization of the stress-satellite DNA within the seed. Seeds of Honeydew melon, cold 
stored for 34 days, were separated into cotyledon and seed-coat tissue. DNA was prepared from 
these tissues, and from the complete seed, and analysed by Model E centrifugation (see fig.!). 
(a) DNA from the complete seed; (b) DNA from the cotyledon tissue; (c) DNA from the 
seed-coat tissue; (d) DNA prepared by washing the intact seeds in the detergent extraction 
medium. 
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It was observed in preliminary experiments that the yield of the stress-satellite, 
expressed as a percentage of the total seed DNA, varied considerably depending on 
the homogenisation method used in the DNA preparation. Homogenisation in a 
pestle and mortar, which resulted in a very low yield of total DNA, produced a 
much higher percentage of the stress-satellite DNA than after a very thorough tissue 
disintegration in the VirTis homogeniser. Following this indication that the stress-
satellite DNA was more readily extracted than the normal DNA, cold-stored seeds 
were dissected and DNA was prepared from the separated cotyledon and seed coat 
tissue. Although the whole seed contained a large proportion of stress-satellite DNA 
(1.718 g.cm 3 , fig. 4a), the cotyledons contained only the mainband 
(1.693 g.cm 3 ) and normal satellite (1.707 g.cm 3 ) DNA's (fig.4b). Essentially all 
of the 1.718 g.cm DNA was present in the seed coat tissue, together with a trace 
of mainband DNA (fig. 4c, table 2). 
Table 2 
The location of the stress-satellite DNA in the seed and its correlation with bacterial contamina-
tion. The amount of stress-satellite DNA was calculated as described in fig. 3. The seed-coat 
DNA was the total amount of DNA prepared from the isolated seed-coats. The detergent wash 
DNA was the total amount of DNA extracted by washing the intact seeds in the detergent 
medium. The bacterial DNA was calculated from the number of bacterial contaminants per seed 
on the basis of 10 g per bacterium. 















melon (c) 0 0 0 0 - - 
20 1.5 1.4 - - - 
22 - - 1.8 2.0 2x10 8 
24 1.7 1.8 - - - 
Honey 
melon (d) 15 0 - - —0 40 
28 0 - - —0 200 
Courgette 
marrow (a) 0 0 - - 0 20 
22 4.5 3.8 - - - 
46 8.8 6.8 6.1 >2 >2x108 
The restriction of stress-satellite DNA accumulation to the seed coat, which is 
composed largely of dead cells, indicated that this DNA was probably not of plant 
origin, but was the result of bacterial contamination on the outside of the seed 
coat. This was confirmed by 'washing' cold-stored seeds in the detergent extraction 
medium, without any homogenisation of the seed material. The DNA recovered 
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from the washing was identical in buoyant density (1.718 g.cm 3 , Fig. 4d) and in 
yield to the stress-satellite component of total seed DNA (table 2). The presence 
and amount of the stress-satellite was also well correlated with the extent of the 
bacterial contamination, and the amount of bacterial DNA per seed, calculated on 
the basis of 10-1 4  g of DNA per bacterium, was similar to the stress-satellite com-
ponent of the total DNA, to the DNA content of the seed coat and to the DNA 
prepared by detergent washing of the seed (table 2). Those seeds which produced 
no stress-satellite (see table 1) had very little bacterial contamination, even after 
long storage periods (table 2). Isolates of bacteria from different seeds were cul-
tured. The DNA's prepared from such cultures were identical in buoyant density to 
the stress-satellite DNA's identified from the Model E fractions. 
These results show that the stress-satellite DNA which is produced in seeds of 
the Cucurbitaceae in response to cold storage is bacterial in origin. This interpreta-
tion accounts for the variation, both quantitative and qualitative of this stress-
satellite DNA, and is also in agreement with the complexity of the DNA, as meas-
ured by the rate of renaturation. It is possible, therefore, that other dense satellite 
DNA's observed in plant tissues, particularly those produced in response to stress 
conditions (Coudray et al., 1970), are similarly bacterial in nature. There is there-
fore no evidence for the gross amplification of the rRNA genes during normal plant 
development (Ingle et al., 197 1) nor during conditions of physiological stress. 
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Species Distribution and Properties of 
Nuclear Satellite DNA in Higher Plants 
J. INGLE, G. G. PEARSON & J. SINCLAIR 
Botany Department, King's Buildings, University of Edinburgh 
Among dicots, satellite DNA was most 
abundant in the Cucurbltaceae and the 
Rutaceae. No satellite resolvable on 
CsC1 gradients was found in monocots. 
The size range, homogeneity and com-
plexity of satellite DNA were also 
studied. 
SINCE the demonstration that nuclear DNA from certain 
eukaryotes may be fractionated into mainband and satellite 
components by neutral CsCl equilibrium centrifugation 3 ', the 
properties, functions and origins of satellite DNA have been 
extensively studied and discussed' -". Satellite DNA of mouse 
differed from the mainband not only in buoyant density in 
CsCl, but also in the rate at which the separated satellite 
strands renatured. The rate of renaturation was approximately 
1,000 times that of phage T4 DNA, indicating a sequence of 
approximately 300 nucleotide pairs, or 2 x 10' daltons'. As 
10% of the cellular DNA is present as satellite, this represents 
several million copies of such a sequence. 
Subsequent studies have shown that these copies are not 
identical', and indicate approximately 5x 106  very similar 
sequences of about 130 nucleotide pairs, which appear to have 
evolved from a simple sequence of 8 to 13 nucleotides'. The 
two strands of the satellite DNA are so different in base com-
position that they separate completely in an alkaline CsCl 
gradient", a property which greatly facilitated the sequencing 
studies9 . The satellite component in mouse, which is pref-
erentially associated with the condensed fraction of interphase 
chromatin" and with nucleoli preparations 11, has now been 
localized at the centromeres of all the metaphase chromosomes 
by in situ hybridization' 3,14. 
Other rodents contain satellites which differ from that of 
mouse in amount, buoyant density and complexity, indicating 
species-specificity of this fraction 15 . Satellite DNA is very 
widespread as indicated by the presence of a distinct satellite 
in 48 out of 93 species of mammal". Certain animals, for 
example Drosophila pseudoneohydei, contain more than one 
satellite component, and these satellites have different locations 
within the chromosomes"'. 
Although the properties and location of satellite DNAs are 
now well described, their function and origin are still under 
discussion. Satellite DNA, which is generally associated with 
constitutive heterochromatin' 8, does not appear to be tran-
scribed', and its properties suggest a structural or organiza-
tional role, probably in relation to chromosome movement 
and pairing' , ". 
A few higher plants have been reported to contain satellite 
DNA, which renaturated much faster than the mainband 
DNA 19 . A relationship between the satellite DNA and the 
genes for rRNA was also suggested from this study, as satellite 
DNA isolated from a preparative CsCI gradient hybridized a 
greater amount of rRNA than did the main band, and the DNA  
from three plants containing a satellite component hybridized 
to a greater extent with rRNA than did DNA from two plants 
without satellite 19 . An additional very dense (1.720 g cm -3 ) 
satellite, which appeared in response to various stress condi-
tions, and which was interpreted as representing a massive 
amplification of rRNA genes, has also been described 20. The 
appearance of a similar satellite during cold storage of melon 
seeds, which has been explained in terms of bacterial contami-
nation on the seed surface' 1 , throws doubt on the plant origin 
of any of the dense, stress-satellite DNAs. 
The picture is further complicated by the fact that chioro-
plast and mitochondrial DNAs, which represent only a small 
percentage of the total DNA, are often greatly enriched in 
"nuclear" preparations. We present the results of an analysis 
of DNA from a large range of angiosperm species and describe 
the properties of the various satellite DNAs in terms of buoyant 
density, contribution as a percentage of the total genome, 
homogeneity and kinetic complexity. It should be stressed 
that in this context satellite DNA is defined as a minor com-
ponent resolved by neutral CsCI centrifugation, and does not 
include fractions which appear as satellites after treatment 
with heavy metals 22 . All satellite DNAs so far examined are 
fast renaturing, or repetitious fractions, although not all 
repetitious DNAs appear as satellite components. 
Species Distribution of Satellite DNAs 
The plant species analysed (Table 1) were spread broadly 
across the taxonomic orders. One striking conclusion is the 
absence of satellite DNA amongst the 11 monocotyledon 
species examined, which ranged from the primitive Liliaceae 
to the highly evolved Gramineae, whereas 27 out of 59 dico-
tyledons contained satellite. This does not mean that repetitious 
DNA is absent from the monocotyledons, indeed rye contains 
a fraction of DNA with a renaturation rate comparable to 
that of the satellite component of dicotyledons. Such repeti-
tious DNA is not, however, resolved as a discrete component 
on CsCl gradient analysis. It is perhaps pertinent to consider 
this difference in relation to the observations of Evans and 
Rees 23 . They confirmed the positive correlation between 
nuclear DNA content and duration of mitotic cell cycle and 
further concluded that, although the rate of increase in cycle 
time per unit of DNA was of the same order for both mono-
cotyledons and dicotyledons, the complete cell cycle of the 
latter was, on average, 4 h longer. This difference was accounted 
for by variation in Gi, that part of interphase preceding DNA 
synthesis. It was suggested that the very short Gl present in 
monocotyledons may be associated with the degree of chromo-
some coiling during division, as the DNA density of metaphase 
chromosomes from monocotyledons was only half that of 
dicot chromosomes. Such a difference in chromosome organ-
ization could well involve satellite DNA. 
Satellite DNA was not preferentially associated with either 
the primitive or more advanced dicot families, being present 
in some of the most primitive (Drimys) and advanced (Calen-
dula) species. It was most abundant in two particular families, 
the Cucurbitaceae and the Rutaceae. Species containing no 
satellite DNA were, however, present in both families, 
Momordica in the Cucurbitaceae and Choisya and Skimmia in 
the Rutaceae. Passiflora, closely related to the Cucurbitaceae, 
contained no satellite. Within the Leguminosae, satellite DNA 
was present in the genera Phaseolus, but not in Vicia or Pisum. 
There was a suggestion from the Cucurbitaceae and Rutaceae 
that the presence and amount of satellite DNA may be related 
to intensive selection for, in these cases, fruit quality. 
It was proposed from a comparison of satellite DNA in 
three American and three Asian species of Phaseolus that the 
latter, which contained less satellite, may be more ancient than 
the American species 24 . This conclusion is not particularly 
supported by the archaeological data". In general the species 
distribution of satellite DNA makes little sense with either the 
generally accepted evolution of the flowering plant or with 
taxonomic classification. It is, however, interesting to note 
that mungbean, pumpkin and cauliflower, members of three 
of the families containing satellite DNA, are closely related 
in a phylogenetic tree based on the sequence of cytochrome c26 . 
The number of species common to both the cytochrome c and 
satellite DNA analyses is too small to allow much discussion, 
although it would be intriguing to know the position of Cirrus 
in the phylogenetic tree.  
analyses of total DNA from, for example, onion roots (1.691 g 
cm-3) which presumably contain a normal level of mito-
chondria. The plant material was obtained from the green-
house or garden, and it has been shown that under certain 
conditions bacterial contamination may be sufficiently high to 
contribute a significant amount of DNA to the total prepara-
tion 21 , so it was necessary to eliminate bacteria as a possible 




The Range of Satellite DNAs 
The largest amount of satellite DNA was observed in the 
cucumber, where the two satellite components represented 
44% of the nuclear DNA. The maximum percentage observed 
for a single satellite was 25% in melon, runner bean and the 
citrus species. The lower limit of detection is dependent on 
the density difference between the satellite and mainband, the 
size of the DNA being fractionated and the sensitivity of the 
analytical method. Consequently satellite components less 
than 5%  of the total have not been included unless they are 
well resolved from the mainband. The 3 % satellite of water-
melon, which was separated by 15 mg cm -3 from the mainband, 
was a discrete component whereas the 5 % satellite of white 
bryony (1.706 g cm -3) was only a small shoulder on the main-
band (1.696 g cm -3 ). 
Although the satellite in most species examined was denser 
than the mainband, two plants, flax and Lobularia, contained 
satellite DNA of lower buoyant density (Fig. I). The analysis 
of melon, bean and two cucumber satellite DNAs by alkaline 
CsCl centrifugation showed only a single band, indicating no 
extreme differences in the guanine and thymine content between 
the two strands. Mouse satellite DNA was clearly resolved 
into two peaks under these conditions. 
The analyses presented in Table I were on total DNA 
prepared from leaf tissue. Species with a satellite component 
in leaf DNA showed, however, a comparable satellite in DNA 
preparations from roots, cotyledons, hypocotyls, seeds or 
fruits. The presence of satellite DNA was not dependent on 
the method of preparation of the DNA. Although the best yields 
of DNA were consistently obtained by detergent extraction in 
the presence of EDTA followed by chloroform deproteiniza-
tion l,  omission of EDTA, use of phenol instead of chloroform, 
hot extraction, and the use of pronase digestion in the presence 
of sodium lauryl sulphate had little effect on the relative 
amounts of satellite and mainband DNAs. The analysis was 
also independent of size of the DNA from 15 x 106  daltons, 
the maximum size prepared, down to I x 106 daltons, below 
which the lack of resolution became limiting. 
Although total cellular DNA was analysed in these studies, 
the observation of satellite DNA was not influenced by either 
chloroplast DNA, which at 1.697 g cm -3 is not resolved from 
the mainband 1 , or mitochondrial DNA. The latter, although 
of 1.706 g cm -3 buoyant density', constitutes such a small 
percentage of the total (less than I %) that it is not seen in 
kf 
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Fig. I The range of plant satellite DNAs. Total DNA prepared 
from leaf tissue was analysed by neutral CsCl equilibrium centri- 
fugation at 44,000 r.p.m., 25 C for 20 h. The buoyant densities 
were calculated relative to the internal marker DNA of Micro- 
coccus Iysodeikticus (1.731 g cm-3 ) 1 . a, Fortunella DNA, 1.712 
and 1.693 g cm-3 . b, Melon DNA, 1.706 and 1.692 g cm -3 . 
c, Cucumber DNA, 1.706, 1,702 and 1.694 g cm -1 . d, Runner 
bean DNA 1.702 and 1.693 g cm -3 . e, Turnip DNA, 1.704 and 
1.696 g cm -3 . 1,  Flax DNA, 1.699 and 1.689 g cm -3 . 
young leaves freshly harvested from the greenhouse varied 
from 10 to 2 x 106  bacteria per g of leaf. This would 
represent 10 - to 2 x 10 2  jig of bacterial DNA (10_14  g 
DNA/bacterium) per 20 jig of leaf DNA, that is, 0.0005 to 
0.1 % of the total DNA, compared with 20% satellite DNA. 
The inside of melon and cucumber fruits, and the seeds from 
such fruits, were essentially sterile 21 and yet contained the full 
amount of satellite DNA. Analysis of DNA prepared from 
chromatin, which had been extensively washed with 4% 'Triton 
X-100' to solubilize the cell organdies, confirmed the nuclear 
origin of the satellite DNA. 
Homogeneity of Satellite DNA 
As DNA from eukaryotes has been shown to be hetero-
geneous with respect to base composition or buoyant density"', 
we considered the possible heterogeneity of satellite DNA. 
DNA (50 to 100 jig) from melon, marrow and cucumber was 
fractionated by preparative CsCI centrifugation (Fig. 2) and 
samples throughout the mainband and satellite regions were 
subjected to Model E analysis. The buoyant density of the 
2 
Table 1 	Species Distribution of Satellite DNAs 
Buoyant density (g cm -3 ) 
Order No. Family Species Common name Main Sat. % Sat. 
A, Dicotyledons 
I Magnoliaceae Magnolia soulangiana 1.699 - 0 (1) 
Winteraceae Drimyspiperita 1.698 1.709 7 (1) 
9 Ranunculaceae Ranunculus acris Meadow buttercup 1.699 - 0 (1) 
Ranunculus ficaria Lesser celandine 1.696 - 0 (1) 
Helleborus niger Christmas rose 1.694 - 0 (1) 
Anemone coronaria de Caen 1.696 - 0 (1) 
Pulsatilla vulgaris Pasque flower 1.699 - 0  
Clematis montana 1.700 - 0  
Trollius europaeus Globe flower 1.698 - 0 (1) 
Aconitum napellus Monkshood 1.697 - 0 (1) 
16 Hamarneidaceae Hamamelis mollis Witch hazel 1.695 1.706 6 (1) 
27 Caryophyllaceae Dianthus barbatus Sweet william 1.694 - 0 (1) 
Chenopodiaceae Beta vulgaris Swiss chard 1.693 - 0 (n) 
Spinacia oleracea Spinach 1.695 - 0 (1) 
32 Paeoniaceae Paeonia officinalis Paeony 1.692 - 0 (1) 
35 Passifloraceae Passiflora ant ioquiensis Passionflower 1.700 - 0 (2) 
36 Cucurbitaceae Cucumis melo Melon 1.692 1.706 25 (n) 
Cucumis sativus Cucumber 1.694 
1.702 (a) 
Cucurbitapepo Marrow 1.696 1.706 18 (a) 
Pumpkin 1.695 1.707 16 (2) 
Squash 1.695 1.706 17 (4) 
Citrullus vulgaris Watermelon 1.693 1,708 3 (2) 
Bryonia dioica White bryony 1.696 1.706 5 (2) 
Momordica charantia Balsam pear 1.695 - 0 (3) 
Lagenaria vulgaris Bottle gourd 1.692 1.707 9 (2) 
Luffa cylindrica 1.696 1.707 6 (1) 
38 Cruciferae Brassica rapa Turnip 1.696 1.704 21 (n) 
Brassica pekinensis Chinese cabbage 1.695 1.703 17 (1) 
Raphanus sativus Radish 1.700 - 0 (1) 
Lobularia maritima 1.695 
1.688 2 (3) 
40 Salicaceae Populus nigra Black poplar 1.693 - 0  
50 Leguminosae Vic iafaba Broad bean 1.694 - 0  
Vicia benghalensis Purple vetch 1.694 - 0 (1) 
Pisum sativum Pea 1.695 - 0 (n) 
Phaseolus coccineus Runner bean 1.693 1.702 24 (a) 
Phaseolus vulgaris French bean 1.693 1.703 19 (2) 
Phaseolus aureus Mung bean 1.692 1.705 5 (1) 
56 Rutaceae Citrus sinensis Sweet orange 1.694 1.712 23 (2) 
Citrus limonia Lemon 1.694 1.711 23 (3) 
Citrus paradisi Grapefruit 1.693 1.711 23 (2) 
Citrus nobilis. var. deliciosa Tangerine 1.693 1.712 19 (1) 
Fortune/la sp. Kumquat 1.693 1.712 24 (1) 
Choisya ternata Mexican orange 1.694 - 0 (1) 
Skimmia japonica 1.695 - 0 (1) 
58 Linaceae Linum usitatissimum Flax 1.699 1.689 15 (8) 
Linum grandiflorum rubrum Red flax 1.698 - 0 (1) 
70 Solanaceae Solanum tuberosum Potato 1.695 1.707 4.0 (2) 
Solamim crispum 1.698 1.710 6 (2) 
Solanum capsicastrum Christmas orange 1.693 - 0 (1) 
Lycopersicon esculentum Tomato 1.694 1.705 8 (n) 
Atropa belladonna Deadly nightshade 1.694 - 0 (1) 
Nicotiana tabacum Tobacco 1.697 - 0 (1) 
Petunia hybrida Garden petunia 1.696 - 0 (1) 
71 Labiatae Perillafrutescens 1.695 - 0  
Coleus blumei Coleus 1.696 0  
74 Compositae Tagetes erecta gigantea African marigold 1.692 - 0 (2) 
Calendula officinalis Pot marigold 1.692 1.705 11 (4) 
Bellisperennis Daisy 1.694 - 0 (1) 
Helianthus guberosus Jerusalem artichoke 1.695 - 0 (7) 
Hieracium aurantiacum Orange hawkweed 1.696 - 0 (1) 
B, Monocotyledons 
79 Liliaceae Lillian regale Regal lily 1.698 - 0 (1) 
Hyacinthus orientalis Hyacinth 1.700 - 0 (n) 
Puschkinia libanotica 1.699 - 0 (3) 
Chiorophytum elatum variegatum Spider plant 1.693 - 0 (1) 
Amaryllidaceae Allium cepa Onion 1.691 - 0 (6) 
86 Commelinaceae Tradescantia virginiana 1.695 - 0 (2) 
89 Gramineae Secale cereale Rye 1.702 - 0 (9) 
Zea mays Maize 1.701 - 0 (a) 
Trltkum aestivum Wheat 1.703 - 0 (7) 
Hordeum vulgare Barley 1.701 - 0 (1) 
92 Lemnaceae Lemna minor Duckweed 1.703 - 0 (1) 
Total DNA was prepared from leaf tissue except in the case of orange, lemon and grapefruit, where seeds were used. The DNA was 
prepared and analysed by neutral CsCI equilibrium centrifugation as previously described'. The number of preparations analysed is shown 
in parentheses (n> 10). 
* Order No. is taken from the classification of Takhtajan 2 . 
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Fig. 2 Preparative fractionation and reconstitution of cucumber 
DNA. 110 pg of total cucumber fruit DNA was fractionated by 
preparative centrifugation in the 'MSE' 10  10 angle rotor at 
35,000 r.p.m., 25° C for 66 h. M. lysodeikticus DNA (1.731 g 
cm-3) was included as internal marker. The gradient was 
pumped from the tube and the optical density at 254 nm was 
continuously recorded (-). Each fraction from the mainband 
and satellite was analysed by Model E centrifugation, and the 
fractionation reconstituted (histogram) on the basis of the per- 
centage distribution of components after analysis and the 
amount of DNA in each initial fraction. 
rerun component(s) was compared with its buoyant density in 
the initial preparative gradient (Table 2). The mainband of 
cucumber DNA was heterogeneous from 1.692 to 1.696 g cm -3 , 
and a trace of 1.696 g CM-3  DNA was present in all the subse-
quent (denser) samples from the initial preparative gradient, up 
to a density of 1.717 g cm -3. No components with density 
between 1.696 and 1.702 g cm -3 were observed, however, and 
with the exception of a single component at 1.704 g cm -3, no 
DNA between 1.703 and 1.706 or between 1.707 and 1.712 g 
CM-3 was present. 
From the percentage distribution of the various components 
resolved on the rerun, and the amount of DNA present in each 
initial fraction, it was possible to reconstitute the initial 
fractionation (Fig. 2). This showed the rather heterogeneous 
mainband, and three disCrete satellite peaks at 1.702 to 1.703, 
1.706 to 1.707 and 1.712 to 1.713 g cm", with very little DNA 
of intermediate densities. Comparable analyses of melon and 
marrow DNAs again indicated heterogeneity of the mainband, 
but homogeneity of the buoyant density of the satellite DNA 
(Table 2). 
Complexity of Satellite DNAs 
The complexity of satellite DNAs from a range of species 
was determined from a comparison of their rate of renaturation 
relative to T4 DNA. The time required for 50% renaturation 
was estimated from Model E analyses of samples taken during 
the early stages of renaturation. With T4 DNA, at 20 j.tg mi. -1 
and hand-sheared to approximately 2 x 10 6  dalton double-
stranded fragments, 50% renaturation occurred after about 
8 min in SSC (0.15 M NaCl, 0.015 M Na citrate, pH 7.2) at 
4 
Table 2 Homogeneity of Mainband and Satellite DNAs 
Melon Marrow 
Initial Initial 
density Rerun densities density Rerun densities 
1.686 1.691 
1.688 1.692 
1.690 1.693 1.692 1.693 
1.693 M 1.694 1.708 t 1.694 M' 1.695 
1.696 1.695 1.707 t 1.697 Mi 1.696 
1.698 1.696 1.708 t 1.699 1.697 1.708 
1.701 1.697 1.706s 1.702 1.698 1.708 t 
1.704 1.697 1.706 1.704 1.698 1.706s 
1.706S 1.697 1..7 1.707 S 1.697 1.27. 
1.709 1.696 1.707 1.709S 1.697 1.707 
1.712 1.697 1.707 1.712 1.696 1.708 
1.714 1.697 1.107. 1.714 1.696 1.708 
Cucumber 
Initial 





1.694 Mi 1.695 
1.696 1.696 
1.698 1.696 1.702s 
1.700 1.696 jQ 
1.701 S1 1.696 1,702. 
1.703S) 1.695 £101 
1.705 1.694 £204. 
1.706 S 1.695s 1.706 
1.708S 1 1.6%s £102. 
1.710 1.696s 1.707 
1,712 1.696 jQj 
1.713 1.696 .1 -202 	1.713s 
1.715 1.695 jQ 1.712 
1.717 . 	 1.695 LLO& 	1.712 
DNA (50 to 100 tg) was fractionated by preparative CsCI equilibrium centrifugation (Fig. 2) and average buoyant density of each fraction 
estimated from the known densities of the mainband and M. Iysodeikticus DNAs. Approximately 2 Vg of DNA from each fraction was 
analysed by Model E CsCI centrifugation. 
The positions of the mainband and satellite peaks in the preparative fractionation are indicated by M or S respectively. Where two or more 
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Fig. 3 Rate of renaturation of satellite DNAs. DNA was dena-
tured in 0.1 x SSC by heating at 100° C for 5 mm, and then 
quickly cooled. A sample of the denatured DNA was analysed 
by Model E CsC1 centrifugation. The salt concentration was 
then increased to 1 x SSC, and the temperature raised to T. 
25° C. Samples were analysed in the Model E after various 
time intervals. The arrows marked D, R, and N indicate the 
buoyant densities of the denatured, renatured for 22 h and 
native DNAs respectively, a, T4 DNA, 20 jig ml.', renatured 
for 7 and 9 mm. b, E. coil DNA, 20 jig ml. - I, renatured for 60 
and 120 mm. c, Melon satellite DNA, 2 jig ml.', renatured 
for I and 2 mm. d, Runner bean satellite DNA, 2 jig ml. - ', 
renatured for 40 mm. 
Tm 250 C (Fig. 3, Table 3). At 2 jig ml. 50% renaturation 
required approximately 80 mm. The renaturation of E. coil 
DNA took eleven times longer than T4, which is consistent 
with the relative complexities of these two DNAs, and mouse 
Table 3 Renaturatiori of Satellite ONAs 
Time for 50% Extent of Complexity 
DNA renaturation renatura- relative 
(mm) to T4 
T4 80 13/15 1 
E. ccii 900 12113 11 
Mouse satellite <0.3 13/17 <0.004 
Melon satellite 1.5 12/13 0.02 
Melon mainband - 2/16 - 
Orange satellite <2.5 8/8 <0.03 
Flax satellite <2.5 6/12 <0.03 
Flax mainband - 1/14 - 
Marrow satellite 10 - 0.1 
Turnip satellite 40 7/13 0.5 
Turnip mainband - 1/14 - 
Runner bean satellite 40 8/14 0.5 
Runner bean mainband - 1/14 - 
Cucumber sat. 1 <4 11115 <0.05 
Cucumber sat. II <4 9/13 <0.05 
Cucumber mainband - 2/15 - 
All DNA samples were hand-sheared to approximately 2 x 10 6 
daltons double stranded fragment, and renaturation results have been 
corrected to a concentration of 2 jig ml.'. The time for 50% 
renaturation was estimated from Model E centrifugation analyses 
as shown in Fig. 3. 
* Expressed as the decrease in buoyant density during 22 h rena-
turation relative to the increase in buoyant density observed on 
denaturation (mg cm -3 ).  
satellite DNA, which on this basis should require less than 
0.1 min for 50% renaturation, was completely renatured after 
I mm. The different plant satellite DNAs varied at least 
30-fold in renaturation rate. Melon satellite DNA was 50% 
renatured after 1.5 mm (Fig. 3, Table 3) indicating a complexity 
of 2.5 x 106  daltons, or 4,000 nucleotide pairs, relative to T4 
of 1.4 x 10 8  daltons. The Model E analyses also indicated the 
presence of a second component in the melon satellite, re-
naturing at least 100 times slower than the 2.5 x 106  daltons 
fraction. 
Satellite DNAs from orange, flax and cucumber all renatured 
at rates comparable to that of melon, whereas those from 
marrow, and particularly runner bean and turnip, were slower, 
taking about 40 min for 50% renaturation. This indicated a 
complexity of 70 x 10 6  daltons. Under comparable conditions 
the mainband DNAs showed essentially no renaturation 
(Table 3). The plant satellites appear therefore to be 10 to 
100 times more complex than mouse satellite, and several of 
them contain two or more components with different rates of 
renaturation. These values are probably in excess of the true 
complexities due to the effect of nucleotide mismatching on 
the renaturation rate. The observed complexities of calf and 
Apodemus satellites were reduced from 9 x 10 6  and 12 x 10 6  to 
3 x 10 5 and 2 x 108  daltons respectively when corrections were 
made for mismatching'. Preliminary experiments with melon 
satellite indicate, however, a minimum of mismatching, and 
the greater complexities of plant satellites would be consistent 
with the similarity in composition of the two strands, as 
indicated from the alkaline CsCl fractionations. On the basis 
of a complexity of 2.5 x 106  daltons, the melon genome would 
contain approximately 10 copies of the satellite sequence. 
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The Di fkrntia1 Replication of I )\A 
during Plant Development 
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Botany Department, King's Buildings, Edinburgh University 
Abstract. The percentage of satellite DNA, as defined by neutral CsCl equilib-
rium centrifugation, varied in different tissues of a plant. Satellite I)NA formed 
a higher percentage of the genome in meristemat K' tissues (seed, root tip) than in 
mature, differentiated tissues (fruit, leaf, cotyledon). The buoyant (husitv of the 
satellite peak. and in some cases of the mainband, also varied significant lv between 
seed and fruit tissue. This variation in the percentage of satellite 1)NA was cor-
related with a difference in the heterochrornatin content of nuclei from cucumber 
toot tips and fruit. The fruit contained at least two classes of polyploid nuclei, 
differing in their heteroeliromatin content.. 
99CMUMM  
Differential n'plicat ott of DNA has lecti indicated (luring the dc-
velopment of a range of eucarvote somatic tissues by a variety of cx-
m periental techniques. The determination of nuclear DNA content by 
Feulgen microspectrophotometry indicated a tissue specific, non 
doubling of DNA during the development of polvploid cells in locusts 
Fox, 1969) Murospeetrophotonietrv, coupled with iieterochroinatin-
euehromat.in estimation, showed that the testLs wall in beetles contained 
a minor class of nuclei in which the heterochromatic DNA had undergone 
2 or 3 fewer rounds of replication than the DNA located in euchromatin 
(Fox. 1971). The differential replication of heterochroinatin has also been 
described in cultured orchid protocorms, which contained two popu-
lations of nuclei, one the result of regular endopolvploidv and the other 
containing a much larger content of heterochroinatin (Nagl, 1972). Cells 
in the testis sheath of mealy hugs, containing one set of 5 heterochromatic 
and one set of 5 eucliromatic chromosomes, undergo endomitosis re-
sulting in a polvploid number of euehromatic chromosomes but only 
the haploid set of heterochromatic chromosomes, clue to the lack of 
replication of this latter material (Lorick, 1970). 
Spect rophotometric measurements of Feulgen stained nuclei also 
showed that during the development of poiytene chromosomes in the 
salivary glands of Drosophila the total absorbance fell below multiples 
of that present in diploid nuclei. This appeared to he due to a reduction 
in the amount of ehromocent.rie heterochromatin (Rudkin, 1965). A 
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comparable study of polytene chromosomes in the suspensor cells of 
Phtzseolu.s, however, indicated a regular DNA doubling UI) to 8192C 
(Brady. 1973). The nature of the DNA which is under-replicated in 
Drosophila polytene nuclei has been studied by a variety of methods. 
A comparison of the renaturation kinetics of DNA prepared from poly -
tene and non-polytene cells showed that the polytene genome contained 
only 5% of fast renaturing, or repetitious DNA, compared with 20% 
in non-polvtene cells (Dickson, Boyd and Laird, 1971). This hetero-
chromatic, repetitious DNA was at least in part analogous to satellite 
DNA, since Gall. Cohen and Polan (1971) showed, by isopvenic neutral 
CsCI centrifugation and by in situ hybridisation, that satellite DNA was 
greatly under-represented in the j)OlytelIe chromosomes. However, 
repetitious or satellite DNAs are not uniformly under-replicated during 
polytenizat ion. lsopyenic centrifugation of Drosophila virilis DNA showed 
normal replication of one satellite fraction whilst two other satellite 
components were under-replicated (Blumenfeld and Forrest, 1972). 
Various repetitious fractions of DNA have similarly been shown by 
hybridisation studies to be replicated to different levels (luring the 
development of the polvtene chromosomes in Drosophila hydei (Hennig, 
1972a). Ribosomal-DNA is under-replicated during this development, 
the number of copies of the ribosomal-RNA gene being only 40 compared 
with 280 per haploid genolne present in a diploid cell (Hennig and Meer, 
1971). 
The percentage of satellite DNA, as measured by neutral CsC1 
equilibrium centrifugation, varies during the development of Drosophila 
virilis, decreasing from 40910 in the embryo to 28% in the adult fly 
(Blumenfeld and Forrest, 1972). It is not clear whether this variation 
is due simply to the proportion of under-replicated polytene cells present 
in the various stages, or whether differential replication in other poly -
ploal cells contributes towards the total change. In this paper we present 
data showing that satellite DNA in plant cells varies, both quantita-
tively and qualitatively, during the development of certain tissues in-
volving the production of polyploid cells. The decrease in the percentage 
of satellite DNA is correlated at the cytological level with the under-
replication of heterochromat.in. 
Materials and Methods 
Prri(trq1on of J)-1 
Total DNA or nuclear DNA was prepared by hornogenising total tissue or 
incubating a nuclear preparation (Scott and Ingle, 1973) in a detergent medium 
containing 1% (u'/v) tri-isopropylnaphthalene sulphonate, 6% (zr/c) p-amino-
salicylate, 54) mM Na(1, 50 mM tris-HCI pH 8.0. 10 mM EDTA. pH 8.0 and 6% 
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(vv) n-butanol at room temperature. The concentration of NaCi was increased to 
0.5 M and the mixture shaken vigorously with I to 2 volumes of chloroform: 3 
methyl butanol-1 (24:1, v/v). After centrifugation at 2500 g for 10 mm., the aqueous 
phase was removed and further deproteinzied by shaking with a phenol mixture 
(phenol containing 10% (v/v) m-cresol and 0.5% (win) 8-hydroxyquinoline, sat-
urated with 50 mM tris-HCI, pH 8.0). Total nucleic acid was then precipitated 
from the aqueous phase by the addition of 2 volumes of ethanol and storage at 
0°C overnight. The crude nucleic acid, collected by centrifugation (2500 g, 10 mm) 
was washed with 80% ethanol containing 0.2% sodium dodecyl sulphate (SDS) 
and dissolved in 0.1 x SSC (SSC is 0.15 M NaCI and 0.015 M sodium citrate, pH 7.2). 
The salt concentration was increased to 1 x SSC, and the preparation was digested 
with DNase-free RNAse (50 ng/ml) for 1 hour at 37°C, followed by self-digested 
(15 mm.. 20'C) pronase at 400  /ml for 2 to 4 hours at 37'C. The DNA was pre-
cipitated with 2 volumes of ethanol at 0° for 1 hour, washed with 80% ethanol 
containing 0.2% SDS and dissolved in 0.1 x SSC. After increasing the salt con-
centration to 1 x SS(' the DNA was recovered by centrifugation at 120000 g 
for 16 hours at 4°C. This procedure routinely yielded DNA preparations with a 
good U.V. spectrum and with better than 75% of the 260 run absorption being due 
to DNA, as analysed by the diphenylamine assay (Burton, 1956) and Model E 
analysis. 
Model E Analysis 
Two to three g of DNA were dissolved in CsCI solution (initial density of 
1.707 g CM-3) and centrifuged to equilibrium (20 hour) at 44000 rpm at 25°C in a 
Beckman Model E analytical centrifuge. Micrococcus lysodeik(icu. DNA (1 iLg, 
buoyant density of 1.731 g cm) was included with each sample to facilitate the 
quantitative estimation of the DNA in each preparation and the calculation of the 
buoyant density of the sample DNA. The centrifugation had previously been 
calibrated by determining the resolution of two standard 1)NAs (1.7110 and 1.731 g 
em-3) when centrifuged in different initial CsCI densities and assuming a linear 
gradient between these two values (Wells and Ingle. 1970). The percentage of 
satellite component was estimated from the areas of the respective peaks of a 
microdensitometer (Joyce Loebl) tracing of the U.V. film, exposed to be within 
the linear range of the film. Where resolution of the two peaks was incomplete 
curves were fitted assuming symmetry of the mainband. 
A measure of the errors involved in the determination of buoyant density and 
the relative distribution of mainbancl and satellite peaks was assessed by analysing 
one DNA preparation from melon seeds by 6 different rentrifugations over a period 
of 2 weeks. The buoyant densities of mainband and satellite were 1.0921 0.0002 
and 1.7056±0.0002 g 1113 respectively (Table 1). The satellite component, ex-
pressed as a percentage of the total DNA, varied from 23.1 to 25.6, with a mean 
of 24.4+ 1.0%. The reproducibility of DNA preparation was also checked by 
preparation and Model E analysis of 6 replicate samples of melon seed DNA (Table 1). 
The variability in DNA preparation was similar in magnitude to that of the ana-
lysis, both in terms of density and percentage of satellite DNA. 
E86nuzt ion of Nuclear DNA Content and the Distribution 
of Heterochromatin 
Nuclei were extracted from root and fruit material of melon (Cucumis melo, 
var. Spanish Winter) and cucumber (Cucuiriis satires, var. Kariha) by a modifi-
cation of the method of MeLeish (1963). Young radicles were fixed in 2% (w/v) 
formaldehyde in 33 mM phosphate pH 7.0 for 20 mm. at 0°C. The root tip was 
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Table 1. The accuracy of buoyant density and percentage satellite determinations. 
Six preparations of total DNA were made from samples of 20 seeds obtained 
from one melon (Si to 86). Each sample was analysed by Model E centrifugation, 
and analysis of Si DNA was repeated at 6 different centrifugations. 
Sample Buoyant Density (g cm-3 ) 
Mainband 	Satellite 
Satellite 
(% of total) 
Si 1 .6919a 1.7055 24.9 
1.6924 1.7059 24.6 
1.6922 1.7057 23.2 
1.6921 1.7056 23.1 
1.6921 1.7054 25.2 
1.6919 1.7055 25.6 
Si mean 1.6921 ± 0.0002 1.7056± 0.0002 24.4 ± 1.0 
S2 1.6918 1.7055 27.0 
S3 1.6924 1.7057 26.6 
S4 1.6922 1.7057 23.3 
S5 1.6923 1.7057 24.2 
S6 1.6923 1.7058 23.9 
S1-6 mean 1.6922 ± 0.0002 1.7057 -j-- 0.0002 25.0± 1.5 
a Value used for the 	analysis. 
macerated on a slide and the large debris removed. The extracted nuclei were 
precipitated onto the slide with ethanol and dried in diethyl-ether vapour. Small 
pieces of the fruit tissue were fixed in 4% formaldehyde (66 mM phosphate, pH 7.0) 
for 1 hour at 0°C. The pieces were then squashed and the homogenate filtered 
through nylon mesh (25 )• The nuclei were recovered by centrifugation at 200 g 
for 2 mm., and dried onto slides. After a thorough washing the slide preparations 
were hydrolysed, stained in Feulgen reagent, washed in SO 2 water and mounted 
in glycerol. The amount of stain, and by inference the amount of DNA, per nucleus 
was measured at 560 nm using a Barr and Stroud integrating microdensitometer 
(Type GN2). 
For an estimation of heteroehromatin-euchromatin distribution some of the 
Feulgen stained preparations were dehydrated, mounted in Etiparal, and allowed 
to dry under slight pressure. Photographic negatives, taken with a Zeiss photo-
microscope, were scanned on a recording niicrodensitometer (Joyce Loebl) to 
estimate the relative densities of heterocliromatie and euchromatic regions of the 
nucleus. From a number of scans of different cucumber fruit nuclei the heterochro-
matin staining was on average 2.5 times as dense as that of the euchromatin. The 
areas of heterochromatin and euchromatin were measured from tracings of the 
negatives (all of a constant magnification), and these areas were multiplied by 
2.5 and 1.0 respectively to give relative DNA contents in arbitrary units. Since the 
area measurement was the major component in this calculation, the inaccuracy 
inherent in the determination of average density difference was of minor importance 
in the estimation of heterochromatin-euchromatin distribution. 
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Table 2. Variation in the amount of satellite DNA present in melon tissues 
Variety 
Satellite (% total DNA) 







Hero of Lockinge 26.1 25.8 	21.5 19.7 15.6 14.4 17.1 
Honeydew 29.4 - 22.4 17.2 - 
Musk (b) 29.5 - 	- - 18.9 17.6 17.1 
Spanish Winter (c) 27.7 - - 21.9 - 17.9 18.5 
Spanish Winter (e) 24.3 - 	- - 16.2 19.2 16.7 
Spanish Winter (g) 30.3 29.7 - 21.9 - 20.4 15.2 
Spanish Winter (h) 24.8 - 16.3 14.1 20.9 
Spanish Winter (j) 34.1 - 	- - - 20.9 23.9 
Spanish Winter (k) 36.3 - - - 15.1 19.3 - 
The letter in parenthesis identifies an individual melon. 
JL £ 
3 AIO A A- 30 2 15 
Rotation 
Fig. 1. Analyses of DNA prepared from melon tissues. Total DNA was prepared 
from the seeds (a) and the fruit (b) of Spanish Winter melon (g, Table. 2). Seeds 
of this melon were germinated and DNA was prepared from root tip (c) and hypo- 
cotyl tissue (d). The DNAs were analysed by Model E centrifugation. The value 
indicates the amount of satellite as a percentage of the total DNA 
Results 
Quantitative and Qualitative Variation of Satellite DNA 
in Different Tissues 
The amount of satellite DNA, expressed as a percentage of the total, 
varied in the different tissues of melon (Table 2, Fig. 1). The values 
fell into two classes, for example with Hero of Lockinge the seed and root 
tip contained 26% satellite compared to 16% in the leaf, cotyledon and 
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Table 3. Distribution and buoyant densities of mainband and satellite DNAs 
from seed and fruit 
Variety 	 Satellite DNA 	Buoyant density (g cm 3 ) 
(% of total) 	Mainband 	 Satellite 
Seed Fruit 	Seed 	Fruit 	Seed 	Fruit 
Melon 
Hero of Lockinge 26.1 17.1 1.6924 1.6938 1.7058 1.7085 
Honeydew (e) 29.2 21.8 1.6919 1.6933 1.7062 1.7076 
 24.7 18.4 1.6922 1.6936 1.7056 1.7079 
 23.4 18.1 1.6922 1.6926 1.7056 1.7066 
 25.5 17.3 1.6928 1.6939 1.7063 1.7082 
Ogen (a) 30.6 18.2 1.6927 1.6937 1.7056 1.7088 
(c) 24.9 19.1 1.6929 1.6930 1.7063 1.7067 
Musk (a) 24.2 16.3 1.6923 1.6927 1.7057 1.7070 
(b) 29.5 17.1 1.6926 1.6940 1.7056 1.7071 
Spanish Winter (c) 27.7 18.5 1.6917 1.6931 1.7063 1.7075 
(e) 24.3 16.7 1.6931 1.6932 1.7068 1.7076 
 30.3 15.2 1.6923 1.6928 1.7064 1.7079 
 24.8 20.9 1.6918 1.6928 1.7057 1.7070 
(j) 34.1 23.9 1.6921 1.6925 1.7056 1.7069 
Cucumber 
Karihaa sat I 1.6939 1.6943 1.7011 1.7034 
sat  41 34 .1 1.7060 1.7084 
a Data are the means from 7 samples of cucumber seed and fruit. Due to lack of 
resolution of the 2 satellites in cucumber the combined satellites are expressed as a 
percentage of total DNA. 
fruit. Some tissues, such as the flower and hypocotyl had intermediate 
values. This pattern was common to all the melons analysed. The differ-
ence in percentage satellite, 26 to 16%, was far greater than the experi-
mental error involved in the preparation and analysis, which was of the 
order of a 3% spread (Table 1). The reason for the variation in the 
percentage satellite in different Spanish Winter melons is not clear. It 
is probably due to inadequate identification and genetic variation. 
Classification of melon,,; is very confused since it is a highly polymorphic 
species and hybridisation between all the forms occurs readily. The 
varietal names, with the exception of Hero of Lockinge, refer to types 
rather than to individual cultivars. The values in Table 1 show that 
seeds taken from an individual fruit are very uniform. 
The fruit and seeds of an individual melon showed the largest dif-
ference in the percentage satellite DNA, and since commercially ob-
tained melons were a convenient source of material further investigations 
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Molecular weight x 10 daltons 
Fig. 2. Effect of DNA size on the percentage satellite DNA. Total DNA was pre-
pared from fruit (-v-) and seeds (-v-)  of a melon. The average molecular weight of 
each preparation was determined by the spill-over method of Studier (1965), and 
then each was successively sheared, initially by forcing the solution through a 
syringe and finally by sonication. The size at each stage was measured, and the 
quantitative distribution of satellite DNA determined by Model E centrifugation 
concentrated on these tissues. With all of the melons examined the fruit 
tissue contained a smaller percentage of satellite DNA than the correspond-
ing seeds (Table 3), and with the range of material analysed the differ-
ence between fruit and seed was highly significant (p  <0.1 %) However, 
the difference was not limited to the relative distribution of inainband 
and satellite DNAs, the buoyant density of both mainhand and satellite 
peaks was greater in the fruit than in the seed. The difference was again 
highly significant (p<0.1%). The situation in cucumber was similar 
in that the percentage of satellite DNA was lower in the fruit than in the 
seed, and the density of both satellite components was significantly 
(p<0.1%) greater in the fruit. There was, however, no significant 
difference in the density of the mainband DNA. 
The release of satellite DNA sequences from the rest of the genome 
will depend on the organisation of such sequences within the genome and 
on the size of the DNA fragments analysed. Within the range of 14 to 
0.6 > 10 daltons the size of the DNA had no significant effect on the 
percentage of satellite DNA present in either seed or fruit tissue (Fig. 2). 
As the size of the DNA was decreased the resolution between the com-
ponents was reduced, and the error of estimation of percentage satellite 
increased until, below 0.6 x 106 daltons, there was insufficient resolution 
to allow measurements to be made. 
The observation.s that the highest percentage satellite DNA was 
present in meristematic tissues (seed and root tip, Table 2) and the 
lowest in mature tissues (fruit, leaf and expanded cotyledon) suggested 
that a decrease in percentage satellite should accompany the development 
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Fig. 3. Variation in the percentage of satellite I)NA during the development of 
cotyledons and leaves. Seeds from a Spanish Winter melon (h. . Table 2) were 
germinated and total DNA was prepared from the cotyledons and first leaves at 
intervals over a 35 day growth period. The percentage satellite DNA in the coty- 
ledons (a) and first leaf (b) was estimated from Model E centrifugation, and the 
amount of mainband and satellite DNA in cotyledons (c) and first leaf (d) was 
calculated from the percentage satellite and the amount of total DNA extracted. 
In (a) and (d), -o- satellite. •c- rnainband, -.- total. The dashed line in (a) represents 
a dilution curve for satellite DNA calculated from the observed linear accumulate 
rates of satellite and mainband DNAs shown in (c) 
which constitute the majority of the seed tissue, and therefore change 
from a high percentage value to the lower value measured in the mature 
green cotyledons. Analysis of the distribution of satellite and mainbatid 
DNAs during cotyledon development, showed that, the satellite decreased 
from 25 to 14% of the total over a period of 15 clays (Fig. 3). During 
this period the accumulation of both mainhand and satellite components 
was essentially linear, and the reason for the relative decrease in satellite 
DNA was due to the slow accumulation rate of the satellite (0.022 jig 
DNA/day) compared with 0.255 ig DNA/day of mainband (Fig. 3c). 
The rate of satellite DNA accumulation was therefore only 8% of the 
total during this period, compared to 25% in the seed cotyledons. The 
decrease in the percentage satellite DNA during this 15 day period fits 
a dilution curve calculated from the accumulation rates. The constancy 
of the percentage of satellite at 14% after 15 days was clue to the de-
creased rate of main}.and accumulation. Thus, during germination the 
percentage satellite DNA synthesis in the cotyledon appeared to be 
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Fig. 4. The nuclear DNA content in tissues of cucumber and melon. Nuclei were 
isolated from root tip (a) and fruit tissue (b) of cucumber and root tip (c) and fruit 
tissue (d) of melon, and DNA content was determined by Feulgen spectrophoto- 
metry. The arrows indicate the positions of a doubling series based on the 2e and 
4c values from the root nuclei 
constant at 8%, much less than that involved during their development 
in the seed (25%). 
There was a similar decrease in the percentage of satellite DNA during 
the development of the first leaf, from 24 to 16% (Fig. 31)). The meek-
an-ism of the decrease was, however, quite different from that in the 
cotyledons, since there was no large initial amount of DNA present in 
the leaf (Fig. 3d). The change in percentage satellite therefore reflected 
the different rates of accumulation of satellite and mainband DNAs. 
Initially satellite DNA was accumulated at 24% of the total, but between 
15 and 20 days there was a relative increase in the rate of accumulation 
of mainhand, with consequent decrease in the percentage satellite. These 
data suggest, therefore, differential replication of mainband and satellite 
DNAs during the development of the first leaf. 
Nuclear Development in Fruit Tissue 
An attempt was made to correlate the difference in percentage 
satellite DNA between meristematic tissue and mature fruit tissue with 
the state of nuclear development. Root tips (and seed cotyledons) from 
cucumber and melon showed a bimodal distribution of 2c and 4c nuclei, 
(Fig. 4a and c). the 2c nucleus containing approximately 2 / 10-12 g 
of DNA. The nuclear complement of the cucumber fruit was very differ-
ent, with few 2c and 4c nuclei, the majority being between 16c and 64c 
(Fig. 41)). The melon fruit similarly contained a high proportion of 
polyploid nuclei (Fig. 4cl). These distributions suggest that the lower 
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Fig. 5. Nuclei isolated from cucumber and melon tissues. Feulgen stained nuclei 
from melon root tip, 4c (a); melon fruit. 32c (b); cucumber root tip, 4c (c); cu- 
cumber fruit, euchromatin 16c heterochromatin 4e (d), euchromat.in  16c hetero- 
chromatin 32c (e) 
percentage satellite DNA present in the fruit may be due to the higher 
ploidy levels of these nuclei (compare Fig. 5a with b, and c with d, and e). 
This would be consistent with the lower percentage of satellite present 
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Fig. 6. Heterochromatin content of nuclei isolated from cucumber tissues. Nuclei 
were isolated from root tips and fruit, stained with Feulgen and photographed. 
The heterochromatin and euchroniatin distribution was estimated from the area 
of heterocliromatin and the different densities of the euchro,natin and hetero- 
chromatin determined from microclensitometer scans of photographs of 9 root tip 
and 12 fruit nuclei. The root nuclei contained 25% heterochromat.in (-o-). Fruit 
nuclei fell into two classes, containing :37% (-.-) and 5% (-.-) het.erochromatin 
in mature cotyledon and leaf tissue, which both contain a higher pro-
portion of polyploici nuclei. 
Although the melon fruit nuclear distribution contained peaks cor-
responding to the doubling series of the diploid nucleus, many nuclei 
were intermediate between the 16 and 32c and the 32 and 64c values 
(Fig. 4d). The cucumber showed a more continuous distribution, with 
the bulk of the nuclei being outside of the doubling series, particularly 
those above the 16c value (Fig. 41)). One possible reason for this obser-
vation is that, even in the mature fruit, nuclei were still replicating their 
DNA in which ease final ploidy levels would not have been reached. 
However, the continuous distribution of DNA content in cucumber fruit 
nuclei was due, at least in part, to the presence of two or more classes 
of nuclei differing in heterochromatin content (compare Figs. 5d and e). 
The semiquantitiative estimations on root tip nuclei indicated approx-
imately 25% heterochromatin. The majority of the fruit nuclei (95%), 
however, contained only 5% heterochromatin (Fig. 6). From a comparison 
with the heterochromatin-euchromatin distribution in root tip 2c and 
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nuclei was 16c to 64c, the heterochromatin was only at 2c or 8c re-
spectively. There was also a minority of fruit nuclei which contained 
37% heterochromatin, and such nuclei appeared to have undergone an 
additional heterochromat.in replication (16c) relative to the 8c euchro-
mat.in . This analysis suggests that during fruit development, there is 
both under and over-replication of the heterochromat.in in different. 
nuclei, with the overall change being a reduction of heteroehromatin 
material. A similar under-replication of heterochromatin in melon fruit 
nuclei was indicated (Fig. 51)), but the heterochromatin areas were too 
diffuse to allow a quantitative analysis. 
Discussion 
The Model E analyses of DNA prepared from different tissues of a 
plant indicate that the proportion of satellite DNA present in the genome 
varies during plant development. These studies do not distinguish 
whether this variation arises from differential synthesis or differential 
stability of satellite and mainband DNAs. Although stability to DNA is 
normally assumed, the apparent reversion of heteroehromat.in-rich to 
normal nuclei in orchid tissue treated with hyclroxyurea to inhibit. DNA 
synthesis (Nagi, 1972) could he interpreted in terms of heterochroniat.in 
turnover. 
There is a general indication that meristematic cells contain a higher 
proportion of satellite DNA than those cells which have undergone 
endopolyploidizat.ion during tissue development. This would be con-
sistent with a role for satellite DNA in chromosome contraction and 
organisation during mitosis (and meiosis) (Walker, 1971). Differential 
replication of satellite DNA therefore appears to he associated with 
general nuclear development., and is not restricted to the formation of 
polvtene nuclei, as may he inferred from the Drosophila studies. 
The magnitude of the variation in the percentage of satellite DNA, 
and the small hut significant changes in buoyant density of the satellite, 
suggest that differential replication may be preferential for certain 
sequences within the satellite fraction. Renaturation studies on melon, 
cucumber, flax and bean satellites have indicated the presence of at 
least two components, differing in their reiiaturation rates, within the 
satellite peak (Ingle, Pearson and Sinclair. 1973). The variation in 
buoyant density of the mainband DNA suggests that differential rep-
lication is not limited to those repetitious sequences in the satellite 
peak. This would be consistent with the observation of under-replication 
of mainhand repetitious sequences during the production of polytene 
nuclei in Drosophila (Hennig, 1972). 
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Although the chromosomal distribution of satellite DNA has not been 
established in plants, from analogy with animal cells it is probably 
associated with heterochromatin. Certainly all those plant species 
containing satellite (Ingle et al., 1973) do contain heterochromatin, 
although the reverse is not true, even within dicotyledonous species. 
Satellite DNA was not observed in any of the monocots examined. 
Although many monocotyledons contain het.erochromatin it would 
appear to be of a different type from the centromeric form observed in 
the majority of dicotyledons (Dyer, 1964). The lower percentage of 
satellite DNA in the polyploid fruit tissue may he correlated with the 
smaller percentage of heterochromatin in these nuclei. The correlation 
is certainly not quantitait.ve, since satellite DNA decreases from 41 to 
34% compared with a change from 25 to 8% heterochromatin (after 
correcting for the two populations of nuclei in the cucumber fruit.). This 
indicates that not all heterochroniat.in contains satellite DNA. and a 
similar conclusion, that heteroehromatin cannot always be equated with 
repetitious sequence DNA, was reached from studies on the sex chro-
mosomes of Drosophila (Hennig, 1972h). 
These analyses of satellite DNA and heterochromatin distribution 
suggest that differential ieplication may he a common, though complex 
phenomenon associated with the differentiation of non-dividing cells. 
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